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PREFACE. 



This text presents the course of instruction given by the atithor to 
the freshman classes at the University of California where the exigeneit« 
of vocational eotirses rL»nder it impracticable for a large number of 
students to devote ninre than one year to general inorganic chemistry 
and to qualitative analysis as well. Therefore, the scheme of qualitative 
analysis is made to serve as a means of correlating the apparently inde- 
pendent experiments of general chemistrj.'. Thus, while the end in 
view is primarily the imparting of a knowledge of the general subject, 
familiaritj' with analytical methods is obtained. The course presuppo,ses 
good chemical training in the secoudaiy schools, many of its briefer 
statements being in the nature of a review rather than of first presenta- 
tion. No attempt has been made to emasculate the work by eliminating 
the consideration of more difficult points. On the other hand, the testa 
for individual elements have been varied in order t<) familiarize the 
student with as many significant reactions as po.ssible. 

In the opinion of the author, instruction in science should endeavor 
to equip the student with principles rather than facti? and, what is of 
still greater import, it ."should train him in the use of these principles 
and in the application of them in explaining the phenomena of general 
experience. The acquisition of relatively large numbers of facts or the 
memorizing of printed rules and laws is a matter of comparatively ea-sy 
accomplishment. The ability to analyze a situation and to recognize 
the underlying principle comes less readily. Still more difficult of 
acquirement is that mental habit which consistently seeks the explana- 
tion of the unfamiliar by means of the well-known. In the author's 
experience, furthermore, students know facts but lack the perspective 
which gives the appreciation of relative values. Their facts are for the 
most part individual units, like so many loose beads without any con- 
necting thread by means of which the whole may be viewed as a unit 
and the relation of the individuals, each to the other, recognized. From 
certain of the many books at present on the market a good student may 
learn much ehemistiy; but the author has found it necessary to supply 
in lecture form the correlating factors and to keep jwinting out the 
application of general principles to cases not less tjTiical than the 
stereotyped illustration discussed in the text. "With the bft^yt <i\ -wssojss*.- 



5Qfti 




Tl 



PREFACE. 



izii]^ the necessity for lecture work, the present book appears. By 
frequent repetition the mind acquires its habits of functioning and 
becomes thoroughly familiar with its data. By frequent repetition, 
therefore, the present text endeavors to teach the fundamental prin- 
ciples of eheniistrj' and to inculcate the habit of seeking to explain new 
phenomena, as they oeeur from time to time, by the methods of past 
experience. It endeavors to reduce to a rational basis the multitude of 
chemical reactions, a knowledge of which ofttimes seems to the student 
to be a mere matter of tedious memorizing. 

The method of presentation is based principally, though not ex- 
clusively, upon the theorj' of electrolytic dissociation. Equations are 
frequently written, first, in the older style expressing whole molecules 
and afterwards as ionic reactions. This plan conforms to good peda- 
gogical principles by passing from what is known to the student to what 
is unknown to him. The presentation appears, therefore, as a statement 
of fact revised and rendered somewhat more complete than the older 
form with which he is familiar. 

In the experience of the author, no difficulty in the presentation of 
the ionic theory has been encountered. Its essentials seem to be grasped 
as readily and comprehended as correctly as is any other theoretical 
conception. No field offers more illustrations of ionic reactions than 
qualitative analysis. Here the unifying and systematizing value of a 
fundamental conception seems to be greatly needed. The author would 
dissent, therefore, from the opinion of those who hold that instruction in 
qualitative analysis should not be based on the dissociation theory, 
"however valuable this concept may have proved to chemistry." 

The text is divided into four parts. The general principles under- 
lying any intelligent comprehension of the subject are presented briefly 
in an introductory part. The reactions of individual elements (arranged 
according to the Periodic System) conipri.se the second part. The pres- 
entation of analytical methods constitutes the third part while several 
tables of useful information are found in an appendix. 

It is hardly necessary tu remark that the metric system of weights 
and measures and the Centigrade scale are used throughout the text. 
In the analytical section certain abbreviations occur which will be 
understood without difficulty. The solutions used in the laboratory are 
of the concentrations given in the appendix. Throughout the text, 
whenever no concentration is specified, the solutions of acids and alkalies 
are understood to be tlie dilute reagents, four times normal. . 

In the preparation of the text most of the better works on general 
inorganic chemistry and on qualitative analysis have been consulted 
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freely and statements of fact taken from them. On many points, how- 
ever, original sources have had to be investigated. 

In conclusion, grateful acknowledgment is made of the advice and 
assistance rendered by several friends who have appreciably lessened the 
work of publication. In this connection Professor F. C. Cottrell, of the 
University of California, should be especially mentioned inasmuch as he 
has had the kindness to read a portion of the original manuscript. Of 
the constant assistance of my wife in the preparation of the manuscript 
I would also make mention. 

whiliam conoeb morqan. 

Bkkkelet, Cautobnia, 
October, 1906. 
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QUALITATIVE ANALYSIS 



Introduction. 

Chemistry is that part of natural science treating of the composition 
"of substauces. Knowledge of the composition of substances is obtained 

by three general methods, analysis, sj-nthesis, and metathesis. 
I Analysis is the taking apart or breaking down of a substance into 

simpler substances, as: 



F 



FeS ^ Fe + S CaCOj -^ CaO + CO, 



^ 



Synthesis is the putting together and building up of more complex 
compounds, as: 

Fe + S^PeS CaO + CO^, ^ CaCO, 



I Ball 



Metathesis is a process involving the simultaneous decomposition 
of two substances and the formation of two new bodies from their com- 
ponents, as: 
, NaCl + AgNOj -* AgCl + XaNO/ 

The general term chemical analysis includes all those processes of 
whatever nature by virtue of which we are enabled to ascertain the 
composition of a body. They are generally of an analytical or meta- 
thetical churacter, but sometimes valuable information is furnished by 
synthetical methotk. 

Chemical analysis is divided into two parts, qualitative and quanti- 
tative. QuaJitative analysis is concerned with the kinds of matter 
composing a given substance M'ithout regard to the quantities of the 
constituents present. 

Quantitative analysis determines the proportions in which the con- 
stituents are present. A thorough knowledge of qualitative analysis 

* Til rough out the text, hereafter, the physical condition of reagents under the 
eonditions of the esperimeut will be indicated whenever eqtuitions are written. Solifla 
or imtolirblu !iuliHtH.nces will be ilenotei] hj- bJack-fftCed type, liquids or BtJsf^SKBEMi "-vn. 
Balution liy ordinary type and gaaes hy iVaUta. 
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is prerwjuisrte to the satisfactory understanding of quantitative methods. 

Aside from infonnation as to the composition of the various bodies 
about us, qualitative analysis affords a very convenient method of oo- 
ordinatint,' many facts of general chemistry, for by a welt-arranged 
series of the apparently independent experiments of general chemistry 
we are enabled to develop analytical method.?. By the frequent labora- 
tory repetition and thoughtful consideration of these processes, the facts 
of general chemistry become fixed in the mind. 

Pure substances possess characteristic properties ^\'hieh are un- 
changinj?. Chief among these, for the present purpose, are: physical 
condition at ordinal^' temperatures, viz., solid, liquid, or gas; degree of 
solubility; color; physical structure; specific gravity; melting-point 
and others of similar nature. By a combination of a sufficient number 
of properties any substance may be differentiated from all others, and it 
is by virtue of its properties that we know and recognize each suh.stance. 
It is important, therefore, to observe carefully and to make a study of 
the physical properties of the substances v-ith which one comes in 
contact. It is only by noting the properties of the various products 
which may be obtained during a qualitative analysis, by comparing these 
properties with the properties of known substances and realizing their 
identity or difference that one is able to determine the nature of a 
body analyzed. 

Mixtures do not ordinarily possess eharaeteristie properties by which 
they may be recognized. While the properties of mixtures are usually 
a blending of the properties of the constituents, this is not always so. 
Frequently mixtures do not possess the properties common to the constitu- 
ents in an average degree, but certain properties are emphasized, others 
mneh reduced by the process of mixing. For this reason it is sometimes 
necessary to separate the constituents of a mixture from each other and 
obtain each in a state of purity before it can he recognized. This 
is, however, not usually necessary in qualitative analysis. 

Analytical chemistry'- has .so far succeeded in reducing the many 
varied substances which constitute the world around us into about 
seventy-five simpler forms of matter, called element, which may be 
readily differentiated, one from the other. These elements show a re- 
markable persistence. Most of them unite with other elements to form 
large numbers of compounds, each one of which posses-scs entirely dis- 
tinct properties. By appropriate analytical methods, however, the 
simple forms may be obtained again and their identity recognized. 

Some elements are found widely distributed and in considerable 
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quantities. Others are exceedingly rare. To develop and become fa- 
miliar with a system of qualitative analysis that should include all the 
elements would be a task of extreme difficulty. It would be of com- 
paratively little value, moreover, because of the great rarity of nearly 
one-half of the elementary substances. Hence it is customary to con- 
sider only the conmioner element.s. Those included in the present 
scheme of analysis have been indicated by black-faced type in the list 
given on page 324. The letter or letters following each name is the 
Eymbol by which the element is generally represented. 

Qualitative analysis consists in determining primarily what elements 
are contained in any given substance. Many of the elements are so 
reactive, however, that they are very rarely found uncombined with 
others. Furthermore, they are not separated in the free state during 
the processes of analysis. On the other hand, many eombiuatious of two 
or more elements, fairly stable under definite conditions, are of frequent 
oceiirrenee and, since these are well recognized, it is generally ^ not 
necessary to separate a body into its elementary constituents, but is 
often sufficient to determine the presence of the groups, or radicles. 

The method of chemical analysis is to change an unknown substance 
into other substances, the properties and composition of which are well 
known. From a consideration of the derived substances judgments are 
formed as to the compo.sition of the original substance. Such a changaJ 
is knowu as a reaction. It is frequently aceomplished by the addition of* 
a substance of known composition and properties called a reagent. 

Reactions carried on without the presence of appreciable quantities 
of water are said to be performed in the " dry way," those taking place 
in aqueous solution in the ' ' wet way. ' ' 



EQUATIONS. 

An equation is a chemical short-hand expression of the changes 
taking place during a reaction, the symbols for the elements and their 
compounds being used. All the substances which disappear wholly or 
in part during the reaction are written on one side, while all the sub- 
stances formed during the reaction are grouped on the other side, sep- 
arated from the first group by an arrow indicating the direction in which 
the reaction proceeds, thus: 

Na -f I ^ Nal 

For general use the arrow is to be preferred to the sign til w*^-^-*,-^ . 
for the equation is not ordinarily couWvdeTed a!% "wi^viftSlviiv?, 'CKk*!^. ^^"^ 'a;».»!>fi' 
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is equal to the other side, but only that one group of reagents passes 
over into the other. 

In writing formulae for eheraical compounds or equations for reac- 
tions the symbol of an element stands for a definite quantjtj'' of that 
element, for one atom* only. Thu.s H stands for one atom of hydrogen 
and for one atom of oxygen. If more than one atom is pre.seut, the 
fact is indicated by a small number written subscript, as Hj. Such a 
subscript number affects the symbol only which it immediately follows. 
Thus, HjO means two atoms of hydrogen and one of oxygen. The 
formula of a compound expresses the composition of a molecule* of the 
sub.stance. The sJ^nbols of the elements composing it are written to- 
gether, the proper number of atoms being indicated by subscript num- 
bers, as NaCl, HjO, and K„Cr;0,. If it be desired to indicate more than 
one molecule of a compound, a large number is prefixed to the fonnula. 
This act.s as an algebraic coefBcient and multiplies each element in the 
formula. Two molecules of sodium chloride or potassium carbonate 
are written: 2NaCl and 'iKjCOj, and not Na.Cli or K^dOo. 

All equatioDS should be balanced. The total amount of matter which 
appears on one side should be present in some form on the other, the 
same number of atoms of each element appearing on each side, as is 
shown in the following equation ; 

2KMnO, + 3H„S0, + lOHCI -^ K,SO, + 2MnS0, + 8H,0 + WCl 

In order to do this it is ueeessaiy to resort to quantitative methods 
and detenniue the quantities of the reagfents which enter into a reac- 
tion. These determinations have been satisfactorily made and need not 
be undertaken by the student, but a knowledge of the quantitative rela- 
tion.s in any given erjuation nuiy be a.seertained by reference to proper 
sources or by comparison with the known values in similar reactions, 

A chemical equation should be a statement of fact. Before a state- 
ment of fact can be made it is necessary to know the facts. Hence it is 
necessary to know what actually takes place in a given reaction before 
the equation can be correctly written. Chemical reactions take place for 
the most part according to well-established laws. A familiarity with 
these laws and with the nature of chemical elements and compounds 
will often enable one to tell at a glance from the nature of the sub- 
stances present and the conditions of the experiment what reaction will 
take pbiec. It is essential to a pood uiKlerstanding of the subject that 

* Pot tbe dpfiuitiona of tbe terms atom ond molecule see page 8. 
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le student be able to write equations correctly expressing the changes 
taking place in the exi>eriments which he is performing. In general the 
ability to write chemical equations may be taken as an index of the 
chemical knowledge possessed by the student and of his understanding 
of the processes which he is performing. 

AIDS TO CHEMICAL EEACTIONS. 

Solids do not readily react with each other under ordinary con- 
ditions. Liquids and gases are more reactive, however. In order to 
cause a substance under examination to react, it is frequently necessary 
to aid the reaction by the application of (o) mechanical force, (b) heat, 
(c) light, ((■/) electricity and (e) solution. 

(o) As an illustration of the action of mechanical force it may be 
stated that potassium chlorate and sulfnr, however finely jiowdered 
and intimately mixed, will not react. They may be made to unite with 
explosive violence* by pressure or friction. 

(b) By the application of heat solid.s ordinarily melt and become 
liquids. If the temperature be raised still higher, litpiids volatilize and 
become gases. 

Aside from the formation of liquids and gases which are more 
reactive than solids, heat aids chemical activity without causing a change 
in the physical state. Many substances, which, at ordinary tempera- 
tures, will not react to any appreciable degree, will do so with the 
greatest readiness at higher temperatures. A fairly definite relation 
between the increase in temperature and the time necessary to complete 
a reaction has been found to exist. As the average result of experimental 
investigation the general statement may be made that the speed of a 
reaction is doubled by every increase of 10° Centigrade. Thns by 
raising the temperature 100° the reaction would be hastened more 
than a thousand fold, and a reaction which would not take place ap- 
preciably tluring an interval of years at ordinary temperatures might 
be accomplished in a few minutes at 1000°. Hence it is assumed that 
all reactions that take place at high temperatures do actually occur 
at ordinary temperatures, but with a reaction speed which approximates 
zero. Heat as an agent to hasten chemical activity is of very wide 
application, and frequently productive of very marked results. 

(f) To a much smaller degree light aids chemical reactions, photo- 
chemical action, as it is called, being the foundation of all photographic 
processes. 

* UriflcmbtPilly most reactions of this class may be eugXstWieii. ■&» &a& V<a "Otisi ^sSossa. 
of heat generated by oiecbaiiical force. 
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(d) Electricity is sometimes ealled in to aid a chemical reaction as 
in the production of pure copper. The crude "'matte" is disssolved and 
the resulting copper sulphate solution electrolyzed with the separation 
of the metal. 

(e) A iar^'e proportion of all substances known to interact under 
any conditions will do so readily in .solution, especially in aqueous solu- 
tion. Many of these reactions cannot be made to take place under any 
other condition. Solution in water is, therefore, one of the greatest 
known aids to chemical activity. 

According to present theories, matter is composed of minute par- 
ticles in con.stant motion. These molecules, as they are called, are 
defined as the smallest particles of any siilistance (hat can exist and pos- 
sess the properties of that substance. Further, each molecule of a 
compound substance may be divided into the still smaller particles of 
the elements composing it. When so divided, however, the properties 
of the compound substance are no longer present, but only the proper- 
ties of a mixture of elements. These minute particUs of the elementary 
substances which act as units in the fonnation nf chemical compoxtnds 
are called atoms. Atoms are supposed to be in constant motion within 
the molecule. 

Heat and light, so far as their nature is known, and possibly elec- 
tricity, seem to be of a vibratory character. Their action in causing 
increased chemical activity may easily be explained as the result of a 
greater freedom of motion given to the atoms and molecules. There is, 
hence, a greater tendency for the molecules to break down and for 
the atoms to enter into new combinations which are more stable under 
the conditions present. 

The greater freedom of motion of the different parts within a 
chemical compound thus indicated theoretically may be demonstrated 
practically. If ammonium chlorid be heated strongly, it breaks down, 
partially at lea,st, into hydrogen chlorid and anunonia, which may be 
separated and identified by appropriate means. On lowering the tem- 
perature the two parts come together again forming the original sub- 
stance. Such a decomposition is known as dissociation. A reaction 
which may go in either direction is said to be reversible. This is 
indicated by a double-headed arrow, as in the following equation : 



HfE.^Cl'M- net + NJI, 




BISSOCIATrON. 

If heat, Wght and electricity aid chemical aetivitj' by increasing the 
motion within the molecules, it is not improbable that the increased 
activity of substances in aqueous solution may be explained similarly 
on the hypothesis of a greater freedom imparted to the components of 
the molecules. There is abundant evidence to indicate that in solution 
the dissolved substance exists in a condition so much lilie the gaseous 
state that the same laws can be made to apply to a large extent. If 
dissociation be a phenomenon of the paseons state may not some similar 
.separation of the components of the molecules take place in solution T 
There is evidence that such is the case. Substances whose activity is 
increased by dissohfiitf/ them in tvater dissociate on going into solution. 

The results of the process of dissociation in aqueous solution are 
verj'' analogous to the results of dissociation in the gaseous state. The 
process, however, seems to be more complex. Evidence is accumulating 
to indicate that the solvent unites with the components of the molecules 
after they have dissociated in a way which is not, as yet, clearly under- 
stood. In the present considerations it will not be necessary to em- 
phasize this phase of the process since the components of the molecules 
act in many respects as though they were not associated with the 
solvent to a degree sufficient to influence chemical reactions. 

"When common salt dissolves in water, it dissociates more or less com- 
pletely into minute particles of sodiimi and chlorin called ions and, for 
the most part, does not exist as molecules in which the metal is united 
with the non-metallic element. The process is known as ionization or 
dissociation, 

NaCl-*Na + Cl 



That these ions, always present in any ordinarj' salt solution, passess 
verj- different properties from metallic sodium and gaseous chlorin 
must be evident to anyone familiar with these substances. Jletallic 
sodium ordinarily decomposes water, liberating hydrogen and forming 
sodium hydroxid. Gaseous chlorin normally reacts with water, liber- 
ating oxygen, and forms hydrochloric acid. It also readily attacks so-| 
dium, forming sodium chlorid, yet the ions of sodium and chlirriu exist 
side by side in solution without appreciable decomposition of the solvent 
in the usual way. 

The difference seems to be due mainly to tJie fact that each ion is 
chB,rged with electricity. That this is so and tliat the electrical ct.a.tsL<s. 
accounts for the difference in properliea » m>Ji\tta.\.tCik. \j"s '^'^*- ^<5^«^''^'*»-^ 
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facts: Two pieces of platiimm may be charged with electricity, the one 
positively and the other negatively, by being connected with a cell, dynamo 
or other source of electricity. When so connected they are known as 
electrodes. If these electrodes be immersed in a solution made by dis- 
solvinjj sodium chlorid in pure water, each loses its charge, although 
it is a well-known fact that pure water is not an appreciable conductor of 
electricity. Of course, the charges on the platinum strips are renewed 
by the cell or dynamo and, by suitably modifying the apparatus, sodium 
may be collected on one electrode while ehloriu is liberatetl on the other. 

The explanation seems to be as follows: The sodium ions are at- 
tracted to the electrode charged with negative electricity becau.>!e they 
carry a positive charge of electricity. At any rate, they leave the solu- 
tion entirely and deposit on the electrode, which losejs its charge of 1 
negative electricity exactly as if neutralized by the addition of plus 
electricity. But as soon as the sodium ions give up their charges, they 
take on all the properties of metallic sodium and, unless protected from 
the action of the v^'ater, they react with it in the usual way. 

Similarly the chlorin ions, being negatively charged, deposit on the 
positively charged electrode. They give up their electricity, cease to 
be ions, and assume all the properties of gaseous chlorin. In this way 
the process of electrolysis, or a}iahjsis by means of an dcclric current, 
is explained. No sohiium trill conduit an electric current that does not 
contain ions. This decomposition, by virtue of which electrolysis becomes 
possible, is sometimes called electrolytic dissociation, and the substance 
that dissociates, the electrolyte. 

Tlie ions formed by the metals and by hydrogen are charged with 
plus electricity and In electrolysis go to the kathode or negative electrode. 
They are called kathions. Xon-mefalliv ions, chary ed with minus elec- 
tricity, go to the anode or positive electrode and are called anions. 

The degree of dissociation increases as the dilution increases. The 
eater the volume of water in which a given amount of a sub.stauce is 

alved, the more comiiletely will it be ionized. Conversely, by decreas- 
ing the volume of the solvent, dissociation is lessened, for the ions come 
together to form midissociated substance. 

It inay be demonstrated readily ttiat no electricity passes off with 
the vapora of the solvent upon evaporation. If a salt solution, com- 
pletely dis.sociated into sodium and chlorin ions charged with electricity 
of oppo.site sign, be evaporated without loss of electricity, it leaves an 
electrically neutral solid. The quantity of electricity on the sodium 
ions must be eqiml, therefore, to the quantity of electricity on the 




chlorin ions. Since the number of the two kinds of ions is equal, the 
charge on each sodium ion must be equal iu quantity, though of opposite 
sign, to the charge on each chlorin ion. In this way it may be demon- 
strated that the amount of electricity on kathions of any kind is equal 
to the charge on the anions produced with them. 

In a soiiitiou of ealciimi chlorid, however, there are two chlorin ions 
for one calcium ion. It follows, then, that each calcium ion carries 
twice the charge on each chlorin ioTi, or twice the charge on each sodium 
ion. The amount of electricity carried by each sodium or chlorin Ion 
is taken as the unit charge. The calcium ion, therefore, carries two 
unit charges. 

The separation of equal amounts of opposite electricity is an essential 
factor in the dissociation of any substance, and is usually indicated 
by the use of plu.«! ( + ) and minus ( — ) signs written above the symbol 
for the kathion or anion, one siprn being affixed for each unit charge of 
electricity on the ion. The reaction for the ionization of sodium chlorid 
may be more correctly written as follows: 



NaCl**Na + Cl 



Similarly for calcium chlorid: 



CaCU<-»Ca + 2CI 



By anology one would say: 



and 



FeCl,^Fe + 3CI 

SnCU«-» Sn +4CI 



Ions carnjiitg one unit charge arc cathd univalent; ions tvith two 
cliargfn, divalent; three charges, trivalent; a>id four charges, tetra- 
valent. While univalent and divalent kathions are of frequent occur- 
rence, trivalent kathions are less common, and tetravalent kathions are 
but little known. Elementary anions with a valence of more than two 
are unknown. (See page 13.) As the valence rises, the tendency toward 
ion formation decrea.scs while other influences tending to remove ions 
from solution increase. (See page 46.) 

On evaporation of a solution containing various ions, two univalent 
anions unite with one divalent kathion to form a solid. Similarly, three 
univalent ions unite with one trivalent ion oppositely charged, awi. t««:^ 
univalent ions with one tetravalent \bVL. Tvjo S\ns\w\V \«30s, X5»i*st. -^x^s^ 
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Fe=0 


CI 


\ 


/ 





Sn— CI 
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\\ 


Fe=0 


\C1 




CI 



one tetravalent ion and three divalent ions with two trivalent ions. 
Consequently the idea of valence is extended from ions in solution to 
substances out of solution whether they may ionize or not. A univalent 
element is one which will form univalent ions or will unite with elements 
forming univalent ions, atom for atom. A divalent element is one which 
will form divalent ions or will unite with elements forming divalent 
ions, atom for atom. Trivalent and tetravalent elements are similarly 
define. 

In writiug the formulae for compounds which are not represented 
in the ionic condition, the valence of each element may be indicated by 
bonds joining the different elements together, one bond for each va- 
lence shown. 

CI CI Fe=0 CI 

/ / \ / // 

Na— CI Ca Ca = Fe— CI Sn— CI Sn 

\ \ / \\ \ 

CI CI " " 

Sodium and chlorin are here indicated as univalent elements, calcium 
and oxygen as divalent elements, iron trivalent, and tin tetravalent. 
The valences ordinarily shown by the elements as they are encountered 
in qualitative analysis are given on page 324, Under varying conditions 
the valence of an element may change. This point will be considered 
later. (See page 45.) 

Ions need not necessarily be elementary in character, but are often 
of a compound nature consisting of a group or radicle acting as a unit, 
as the following dissociation equations indicate: 

Na,CO, -» 2Na + CO^ ^ Ca ( NO^ ) „ ^ Ca + 2Nb, 

(NH,)^SO. -* 2NH, + SO, 

Ions of a still more complex nature may be formed by definite 
chemical reactiou.s between two different simple ions or between a 
simple ion and an iin dissociated substance. The silver ion, Ag, unites 
directly with ammonia to form a complex ion, Ag(NH3)2, which possesses 
properties entirely different from the simple silver ion. The cyanid 
ion, CN, unites in an analoirous way with silver cyanid, AgCN, to form 
a new ion, Ag(CN);, in which the metal, silver, constitutes a part of the 
negatively charged anion instead of acting as a simple positively charged 
kathioti. Anunonia and cyanogen compounds show especial tendencies 
to the fnrnuition of complex ions. 
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Complex ions vary verj' preatly in the readiness with which the 
are formed and in atahility after being formed. In order to produce 
certain ones it is only necessary to bring together the reagents net-essaryi 
to form them when an immediate reaction takes place. In other casetfl 
it ia necessary to aid the reactions in various ways. There is always a" 
tendency for complex ions to decompose into simpler ones. Because of 
this certain solutions contain a mixture of simple and complex ions. In 
other cases the stability of the complex ion is so great that no appreciable 
amount of the simple ions can be detected. 

Complex anions with a valence of three and four are met with in 
qualitative analysis. (See page 11.) 

Water is the only one of the common solvents causing diasoci&tion 
to any great extent, although acetic acid and alcohol have slight dis- 
sociating properties. !Many less common solvents, such as liquid hydro- 
gen eyanid, sulfur dioxid and ammonia, and many fused salts, cause dis- 
aociation to a high degree. 

All substances are not dissociated in water solutions. Many of the 
eompoimds of carbon with hydrogen and other elements, known as 
organic compounds, do not dissociate at all. On the other hand, most of 
the soluble mineral or inorganic substances are dissociated, These are 
the substances with which qualitative analysis is chiefly concerned. 

This fact greatly simplifies qualitative analysis. Each soluble salt 
of a given metal with the various acids gives the same kathion. Simi- 
larl.v, each soluble wait of a given acid with the various metals gives 
the same anion. It makes no difference whether calcium nitrate, 
chlorid, acetate, or bromid is used; any soluble calcium salt will give the 
same kathion. It is a characteristic of the calcium ion that it gives a 
%i'hite precipitate with a solution of sodium carbonate, or with the 
solution of any other soluble carbonate containing the carbonate ion in 
appreciable quantities. Hence it is not necessary to learn the reaction 
of calcium chlorid on sodium carbonate, of calcium nitrate on ammonium 
carbonate and of calcium sulfate on potassium carbonate, but simply 
to study the various ions and learn the characteristic reactions of each. 

The reactions used in qualitative analysis are almost entirely 
reactions between ions. This is well illu.strated by the following facts; 
It is loosely stated that silver nitrate is a reagent for chlorin, forming 
with it an insoluble white compjund. Silver nitrnle is a reagent for 
the chtorm ion only. Most organic compounds containing chlorin. even 
chloroform which is almost ninety per cent, chlorin, give no precipitate 
with silver nitrate because they do not dissociate. CM«t«^s». -asv^ ^tfe^- 
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chlorates, althoufli they ionize readily, give no precipitate because the 
ions formed are CiO^ and CIO, and not the simple CI. Free ehlorin 
gives not a trace of a precipitate as long an it remains un-ionized. On the 
other hand, ever)' substance that dissociates into CI ions gives an abun- 
dant precipitate. Thus there is ample evidence that if is the ehJorin 
ion alone that reacts with silver nitrate. More correctly speaking, 
it is the silver ion, Ag, and not silver nitrate that reacts with the 01 
ion, for luidissociated silver nitrate does not react, neither will the 
ions Ag(NIl3)j or Ag(CN}j or any other complex ion containing silver. 
Any compound forming the simple silver ion will react, however. Since 
silver nitrate is the only common silver compound readily soluble, it ia 
almost universally used to introduce the silver ion, and, hence, silver 
nitrate is often mentioned when the silver ion is really meant. 

Dis.sociation is the characteristic phenomenon of dilute solutions 
In concentrated solutions, not only is dissociation reduced, but substances 
tend to associate or come together in various ways. The principles and 
laws which hold for dilute solutions are only partially true for con- 
centrated solutions and a different set of phenomena are to be observed. 
One of the most important types of association is the formation of 
double salts, such as the double sulfates of aluminum (and certain 
other trivalcut metals) with the alkali metals. As a typical illustration 
ordinary alum, KAl(SOj)j, or as the formula is often written, 
KjSO^.Alj (30^)3, may be taken. In a dilute solution containing the 
sulfates of potassium and of aluminum, only simple ions such as K, 
Al and SO, are present. As the solution concentrates, these ions come 
together to form the undiss)ociated sulfates and, on further evaporation 
of the solvent, these simple salts unite to form the double salt which 
crystallizes OTit, 

Double salts are to be regarded as salts of complex acids dissociating 
primarily into complex anions which, being very unstable, break down 
into simple ions as soon as the dilution becomes sufficiently great to allow 
ionization to bei3ome the dominant phenomenon. The more stable of the 
double salts are those whose anions do not decompose into simple ions 
readily but which even in dilute solutions give characteristic complex 
.ions. The double cyanids of iron with other metals are of this kind. 
(See page 223.) 

The following equation will serve to make clear the way in which a 
double salt dissociates : 

KAl(SO.)i *^K + A1(S0,), *^K + Al + 2S0, 
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The complex ion, Al(SO,)j, is not known with eertainty and pos- 
sibly has only a momentary existence but all degrees of stability from this 
up to the most stable are well recognized. 

AOroS, BASES AND SALTS. 

A study of the various cheiuieal compounds has revealed the fact 
that many substances, apparently differing as widely in chemical nature 
as they do in composition, possess certain eoimnon properties. The 
substances, IICl, H^SO^, HNO.„ H^CjO^, and many other compountls 
having very different formulae are all characterized by the possession 
of a sour ta.ste, the ability to dissolve zinc and other metals and the 
power of affecting certain organic dyes in a uniform way, as, for in- 
stance, turning blue litmus red, red pheoolphtalein white and yellow 
methyl orange red. Because of their acid ta.ste, these substances are 
called fieid.s. Science seeks to find a common cause for a common 
phenomenon. The only common factor present in each of these com- 
jTOunds is hydrogen. 

On the other hand, a great number of organic compounds contain 
hydrogen but do not exhibit these properties. The hydrogen, therefore, 
must be present in two different conditions in the two different claraes of 
bodies. In short, the hydrogen present in acids exists in tke ionic 
condition. 

To the presence of hydrogen ions all acid properties are due, and 
since ions exist only in solution, it follows, strictly speaking, thai; 
acid properties are to be found only in solution. That this is true is 
indicated strongly by the facts that hydrogen chlorid, HC!, and hydrogen 
sulfate, IIjS04, lose their acid properties so decidedly as they are sep- 
arated more and more completely from water that the conclusion seems 
evident that were it possible to obtain these substances perfectly free 
from water, they would possess absolutely no acid properties. The 
addition of water, however, cau.ses the appearance of acid properties in 
a marked degree. An acid may be defined as any substance which in 
the presence of water will dissociate info hydrogen ions. 

The hydroxids of certain elements act in this way and separate 
hydrogen ions in aqueous solution. The elements from which they are 
derived are known as non-metallic or acidic, «'. e., acid-forming elements. 
The hydrids of some of these same elements pos.sess acid properties. 

The readiness with which the various acids separate hydrogen ions 
and, consequently, the degree to which they are present in solutions 
varies greatly and constitutes the difference between strong atui 'k%-*Ib^ 
acids. That acid is strongest u7ticfi is most comv^t^t^y *l"is&iitv«.\.tA\. 



16 QUALITATIVE ANALYSIS. 

In solutions of such strength as is suitable for qualitative analysis . 
reactions the following acids are more than three-quarters dissociated 
into their respective ions. They are, therefore, very strong acids: 

Hydriodic Chloric Nitric 

Hydrobromic Perchloric Thiocyanic 

Hydrochloric Permanganic Tetrathionic 

At the same dilution the following acids are about one-half dis-' 
sociated: 

Sulfuric Ferrocyanic Ferricyanic 

Dichromic Silicofluoric Oxalic — about 25 per cent. 

Under the same conditions the following acids are dissociated less 
than ten per cent: 



Sulfurous 


Hydrofluoric 


Tartaric 


Phosphoric 


Nitrous 


Acetic 


Arsenic 







None of the following acids are dissociated as much as one peif cent. 
In ordinary solutions: 



Carbonic 


Hydrosulfuric 


Boric 


Hypochlorous 


Hydrocyanic 


Silicic 


Arsenious 







In dilute solutions of strong acids the dissociation is practically 
complete. When a metal is added to an acid in dilute solution, as, for 

■4- 

instance, zinc and hydrochloric acid, each H ion gives up its plus charge 
to the metal which then passes into the ionic condition while the 
hydrogen escapes as gas, as the following eqtiation indicates: 

Zn + 2H + 2C1 ^Zn + 2C1 + H^ 

Thus the hydrogen in an acid is capable of being replaced by a 
metal. There remains in solution the same number of CI ions as before 
the reaction. Since they appear on both sides of the equation, they may 
be stricken out and the equation simplified as follows : 

Zn + 2il-*Zn + jffj 
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Thus it is that hydrogen is c^riven out of the acid because of the 
greater tendency of the zinc to pass into the ionic condition.* In place 
of hydrogen ions there exist in solution zinc ions which, on evaporation 
of the .solution, unite with the chlorin ions to form zinc chlorid. 

In hydrochloric acid, IlCi, there is one part of hydrogen to one of 
cMorin; in nitric acid, HNO,, one part of hydrogen to one of the 
group NO;,; in sulfuric acid, HaSO,, two parts of hydrogen to one of 
the radicle SO^ ; in phosphoric acid, HgPO^, three parts of hydrogen to 
one of the radicle PO^ and in silicic acid, H^SiO^, four parts of hydrogen I 
to one part of the group SiO<. In these compounds, theoretically at least, 
all of the hydrogen is capable of passing into the ionic state and of 
being replaced by a metal in the formation of salts. On the other hand, 
in acetic acid, HiCjO,, only one part of hydrogen is capable of passing 
into the ionic condition ; in tartaric acid, HoCjO,,, two parts and in citric 
acid, HgCgOj, only three parts. Hence it is obvious that all of the hy- 
drogen in a eompouBd may not be capable of passing into the ionic 
condition and of conferring acid properties on its solutions. 

Acids are classified according to the amount of hydrogen which 
Iflnay become ionic. Regarding them from the molecular standpoint, if 
from one molecule of a substance one atom of hydrogen may pass into 
the ionic condition and be replaced by a metal in the formation of 
salts, the compound is said to be a monobasic acid. Dibasic, tribasic and 
tetrabasic acids separate two, three and four hydrogen ions from one 
molecule of the substance and are known as polybasic acids. It is cus- 
tomary to indicate that part of the hydrogen in a compound which is 
capable of forming hydrogen ions. In a formula, it is usually written 
first, separated from the rest of the hydrogen in such a compound, acetic 
acid being %vritten H(CJl30j) and tartaric acid H^(CJIfi„). In the 
dissociation of such acids that part of the hydrogen which does not form 
the katbion remains united with the other elements in a group which 
becomes the anion. 

AH of the hydrogen in a polybasic acid does not pass at the same 
I time into the ionic condition. The dissociation takes place step by step 

* The "vaiTirg tendency of elementaiy aubrtances to take on the electrical charge 
aod pass into the ionic condition is shown by the table known aa the Potential Series 
giren on pnge 327. In "thia table the eleinenta arc arranged in regular series be- 
gtnuing with those which pasa moat rapidly into the ionic condition. As in the 
case of zinc and tho hydrogen ion, if a free element comes in contact trith the ions 
of another element standing much lower in the Potential Series, the charge pasaea 
> from the one to the other and the former goea into the ionic condition while the 
latter is thrown out in the free atate. Many illustrations of thia princiijlRi -^pJltNfc 
noted in the second part of this book. 
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atitl the process of separating one hydrogen ion from each nioleciile of 
acid present is generally pretty well advanced before the separatiou of 
a second hydrogen ion from any molecule begins. The dissociation of a 
third and fourth ion from the same molecule is correspondingly tardy. 
In dilute solutions of strong acids, such as the diba.sic sidfurie acid, the 
dis.sociation according to both steps is practically complete and the preva- 
lent anion contains no hydrogen, as the following equations will indicate: 



HSO,~>H-|-SO^ ) 



= 2H + S0, 



With weak acids dis-sociation of all the hydrogen present in any one mole- 
cule remains to a eonsiderabte degree unaccomplished even in dilute 
solutions. Thus the tribasic phosphoric acid separates ions according 
to the first and second of the following reactions, but the hydrogen-free 
anion fortiied according to the third reaction is present in solution to 
only a small amount : 

H,P0,^H-1-H,P0^ 

H3po,-»n + npo, 

HPO,^H + PO, 

Analogous to the acids there exists a group of the hydroxids of 
metallic elements which possess the common properties of destroying 
acids, of turning litmus blue and of affecting other organic dyes uni- 
formly. These eompoiinda differ in their composition and are alike only 
in that they form liydroxyl ions, OH, in soJiition. These subslances are 
knmi'n as bases, since by neutralizing the various acids, with each hy- 
dro jid as a base, a series of compounds, known as salts, results. "With the 
bases as with the acids, the degree of dissociation determines the strength. 

In solutions of the strength ordinarily used in qiuilitative aiiidysis, 
sodium and potassium hydroxids are more than three-quarters dis- 
sociated, and, therefore, are very strong bases. 

Barium hydrnxid is alwut one-half dissociated. Strontium, calcium 
and magnesium hydroxids are much less s(jluble, but to the extent to 
which they dissolve, they dissociate approximately to the same degree 
as barium hydroxid at the same dilution. As bases, therefore, they are 
of about the same .strength. 

Ammonium and silver hydruxid are dissociated less than ten per cent. 

The hydroxids of the other metals are verj' in.soluble and act as very 
weak bases, trivahut hydroxids being gcnfralltj weaker than divalent 
hijdroj:id^. 
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Wlien an acid and a base are mixed together in the proper pioportiona 
the one is said to neutralize the other, for the resulting solution possesses 
neither acidic nor basic properties. Ou treating a dilute solution ot" 
hydroehloric acid with a dilute sohitiou of sodium hydroxid, such a 
reaction takes place and the acid is neutralized by the base. This reac- 
tion i.s often written : 

NaOH + TTCl -^ NaCl + H,0 

In dilute solutions, however, hydrochloric acid, being a strong acid, and 
sodiimi hydroxid, being a strong ba.se, are dissociated to practical com- 
pletion. Sodiiun chlorid is almost completely ionized at the same dilution. 
Hence the reaction may be more correctly written : 



Na + CI + n + on -* Na + CI + H,0 

After mixing, the .sodium and chlorin are present in the ionic condition 
exactly as they were in the two original solutions. Since they appear 
on both sides of the equation, they may be stricken out and the equation 
simplified as follows: 

oii + ir-^iioii 

The only product actually formed on mi.xing the solutions h water. 
Since all acid solutions owe their properties to the presence of the hydrogen 
ions while ba.sic solutions owe their properties to the presence of hydroxyl 
ions. tJte neutralization of (dilute solutions of) strong acids with strong 
bases is i.gKcutialhj ilir format ion of water from its ioiii;. 

To speak of the formation of a salt in this process is, therefore, 
technically incorrect since no reaction takes place to form it, except on 
evapin-ation of the solution when the ions come together. That this is 
true is indicated by the fact that when equivalent amounts of fully 
dissociated solutions of any acid and base are mixed, the amount of heat 
liberated is always the same. When any coniptiund is formed, a definite 
amount of heat enters the reaction which is known as the heat of forma- 
tion. This i,s, iu general, different for everj' compound. Hence, if 
different salts were actually formed by mixing dilute sfjlutions of sul- 
furic, nitrie, and hydrochloric acids with dihite solutions of sodium, 
pofassiimi and calcium hydroxid.s. the heats of neutralization could 
not lie tile sjinie. On the other hand, if une product only, i. e., water, is 
formed by mixing these different reagents, we should expect the same 
amount of heat to be liberated in each case. By the &ivw\*.V^»\n 'A -«^!^set 
from its ions all hydrogen and \iydtoxy\ \oi^% a.^e ^eHxasfeilsL ^sxviS. -si^ "Sis^*- 
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and basic properties disappear. Tliere is left a solution containing the 
ions characteristic of a salt. Since liy evaixiration of the solution a salt 
is actually foiiued, it is ordinarily stated that the neutralization of an 
acid with a base forms a salt. 

Of the three typical methods of salt fonnation: (a) by the action 
of an acid on a metal, {b) by the neatralhation of an acid ivith a base, 
(c) by the action of an acid on a metallic oxid, two have already been 
considered. The third method is a process in which the charges on the 
hydrogen ions are transferred to a raetallie, kathion in a manner similar 
to the interaction of hydrogen ions and metals. After passing out of 
the ionie condition the hydrogen is not set free, however, but unites with 
the oxygen of the oxid to form water. A typical reaction will make 
clear the changes that take place. 

CaO + 2H -^. Ca + H^O 

It is not es.sential that all of the hydrogen and oxygen contained 
in a base be capable of forming OH ions. As with acids, so with bases, 
A substance capable of forming one OH ion from one molecule of the 
compound is called a monoacid base since in the formation of salts this 
on ion is replaced by a single anion of a monobasic acid. Di, tri, and 
tetracid bases are capable of separating, theoretically at least, two, 
three and four OH ions from one molecule of the compound. 

One molecule of a monacid base will neutralize one molecule of a 
monobasic aeid. Foiir molecules of a monobasic acid will react with one 
molecule of a tetracid base. Two niolecides of a tribasic acid will unite 
with Ihree molecules of a diaeid base and ^ice versa. Polyacid bases 
dissociate step by step in a manner exactly like the ionization of poly- 
basie acids, (See page 18.) 

While there is the greatest variation in the degree of dissociation of 
the various acids and bases, most salts ionize freely.* Even the salts of 

* Salts may t>e divided Hceordini; to a classification based on the acids and bases 
from which thcj are derived and the variation in the degree of dissociation for salts 
may lie .-ifatod for each of these tjiics. 

Salts formeil hy the interaction of nionobnBie acids and monoacidic bases dis- 
sociate almost as readily afl the strongest acids and bases. 

Salts formed from a dibasic acid and a monoacidic base or vice versa are some- 
wliat more than half dissociated at ordinary dilutions. 

Salts (derived from dibasic acids and diaeid bases are somewhat less than balf 
di»Ociated under the fuinie comlitions. 

With salts deriveil from tri- and tetrabasie acids and tri- and tetra-aeidio bases 
other jiheiiomena often play mure important parts than dissociation. (See pages 
S»~»0, also 46.) 
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weak acids and weak hases disiioeittte I'eadily. lu this case, however, 
other factors enter into the consideration and complicate the result. 
(See pages 28-30.) 

Acids may be designated as those substances which separate hydrogen 
as kathion. Bases separate kydroxi/l us anion. Sails separate Icathions 
ot/tcr than hydrogen and anions other than hydroxijl. Many substances 
are known, however, which, in solution, separate both hydroxyl and 
other non-metallic anions at the same time. These are evidently mix- 
tures of the ions characteristic of bases and of salts. In some instances 
possibly no serious objection can be raised to considering such sub- 
stances as very intimate mixtures of the base with one of its salts. In 
other cases the mixture seems to be inside the molecule. Each jadividual 
molecnle seems to possess the properties of both base and salt. The 
substances act as though they were in no ordinary sense mixtures, since 
they cannot by any means be separated into the pure salt and the pure 
base. On fiirther treatment with acids they lose their basic properties 
entirel}^ For these reasons they are believed to be salts in which part 
only of the hydroxy I which is cliararteristic of t/ie base lias been 
replaced by an acid anion. They are called basic salts, therefore, and 
the formulae indicate their apparent constitution. 



— OH 
Fe — OH 

- (CJIA) 

Basic ferric acetaLe. 



OH 

/ 
Pb 

\ 

(C,HA) 

Basic iead aceute. 



Analogously, certain other substances separate at the same time 
hydrogen and other metallic kathions. For similar rea.sons they are 
known as acid salts. Since the proportion of salt to the acid is far more 
constant than the proportion of salt to base in basic salts, there hardly 
seems reason for considering any well-characterized acid salt as a mere 
mixture of an apid with one of its salts. The following formulae indicate 
the apparent constitution of typical acid salts. 

Certain eiceptioua to this general Htatement are well known. The halogen com- 
pounfls of tncTcury ionize to a very slight degree, those of cadmium somewhat more 
while the sitte hatids together with lead and certain other Acetates stand inter- 
mediate between these and other salts. 
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K 
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Na 



H 



/ 



SOi 



\ 



Ca 



\ 

( 



CO, 
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CO, 



\ 



CO, 



H 



/ 



Acid poMffllum sulfate. Acid lodliim carbonate. Add calciuin cartmtuite. 

Acid sftlts are frequently iDdicated by the prefix "hi," as potasahtm 
bisiilfate, sodiiun bicarbonate, etc. 

To distinguish acid and basic salts from the type which separates 
only katbion.s other than hydrogen and anions other than hydroxyl, 
members of this latter class are called normal salts. 

Acid salts are usually far more soluble, basic salts far less soluble, 
than the corresponding normal salts. 

Certain bodie.s are capable of dissociating in more than one way. 
The bydroxids of elements which have neither a pronounced metallic 
nor non-metallic character may separate under one condition hydrogen 
ions and under another condition hydroxyl ions. Arsenic, antimony, 
tin, lead, zinc and aluiniiuun are dements of this natnre and their 
bydroxids may act either as acids or bases. To illustrate: zinc hy- 
droxid, ZnOjIl,, may dis.sociate into Zn and OH ions in which case 
the positively charged zinc ions are acting as nietallie ions. Zinc 
hydroxid may separate H ions and ZnOj, ions in which case the nega- 
tively charged anion shows zinc to be playing the part of an acid- 
forming element. In acid solutions zinc hydroxid .separates OH ions 
"which unite with the H ions furnished by the acid to form imdissociated 
"water and leave in solution ions of a salt, such as zinc ehlorid, ZnClj. 
In solutions containing hydroxyl ions in quantity, zinc hydroxid sepa- 
rates IT ion.s. The hydrogen and hydro.xyl ions unite to form water and 
leave in solution st>dium zineate, Na^ZnOj, or other salt in which zinc 
acts as an acid- forming element. 



EQUIUBRTUM AND MASS ACTION. 

If the metathesis AX + BT «-» AY + BX be a reversible reaction, 
when AX and BY are brought together, they will react to form AY 
and BX with a definite reaction speed. At the end of the fifist short 
period during which the reaction has run there will exist an intimate 
mixture of four substances of which AX and BY will be present in 
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much preater prnportion than AY aud BX. AY and BX as soon as 
formed will react together to form AX and BY a^am, but, other things 
being equal, mor« of AY and BX will be fonned in any given interval 
by the original metathesis than of AX and BY by the second reaction, 
because of the simjile fact that there is so much more of AX and BY 
to iuteract than there is of AY and BX. The first reaction will continue 
to predominate until all four substances are present in certain definite 
proportions. Then we may consider each reaction as taking place at the 
same time and to such a degree that the proportions of the constituents 
remain unchanged. 

If, now, more of AX and BY be added, the original reaction will 
again become dominant until the same proportion among the con- 
stituents is reached. 

Such a condilion which, tvhen disturbed, tends to restore ifsdf is known 
as equilibrium, and the reaction by which it is restored as the equi- 
librium reaction. 

Such is the nature of the process which is going on whenever a 
chemical reaction takes place. That reactions are reversible generally 
is believed to be true. The fact that man\' reactions do not seem to lie 
reversible in practice is due to the presence of determining factors which 
shift the equilibrium, from the condition of. possibly, equal proportions 
among the constituents to a condition in which some constituents are 
practically absent. 

To con.sider a particular reaction : If ethyl hydro.xid {i. e„ ordinary 
alcohol) and acetic acid be heated together, a reaction takes place in 
part, leading to the formation of ethyl acetate and water. Equilibrium 
is soon reached in which the four substances, alcohol, acetic acid, ethyl 
acetate and water are present in proportions which are influenced by tem- 
perature, biit which are definite for any given temperature. On the 
other hand, if ethyl acetate and water are heated together, a partial re- 
action ensues leading to the formation of some alcohol and acetic acid. 
Equilibriimx ensues, a mixture of the four substances being formed 
which has the same prfiportionate comiw.sition as in the first reaction, 
pnivided the temperature be the same. Thus it makes no difference from 
which end the start is made, a condition of eiiuilihrinm residts in which 
tftr amounts, or concentrations, of the vomponctds are the same. 

These relations have been proved to be so constant that they have 
found matljematical expression. The product of the courndralions of 
all Ihc factors on one sidi; of an equation is equal to the proditct of the 
concentrations of alt the factors on the other side (i\ IKc e,<\\vaV\ow to.\\N.v>.- 
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plied by a consfaid quantity. This may be expressed algebraically as 
follows 

AXBXCXD ect. = XXYXZ eet. . . . XK 
or 

A X B X C ect. 



X X Y X 2 ect. 



= K 



where A, B, C, X, Y, Z ect,, refer to the eoncentrations of the different 
, Bubstanees,* molecules, atoms or ions as the cwie may be, which enter into 
the reaction, and K is a constant quantity depending on conditions for 
its value but, once determined, remaining: unchanged for these condi- 
tions. This equation is known as the equilibrium equation. 

Let the condition of equilibrium in the reaction already considered 
be expressed by the equation 

AXB^XXYXK 

in which A represents the concentration of alcohol, B of acetic acid, X 
of ethyl acetate and Y of water. If one of these factors, as A, be in- 
creased, the product AB will be larger than the product XYK and the 
algebraic expression will not be true without a readjustment of values i 
on both sides. 

Just as the algebraic equation is rendered untrue by the increase in 
one of its factors, so is the chemical equilibrium disturbed by the increase 
in the concentration of one of its components. A reaction will take place 
by virtue of which the concentration of the factors A and B will be 
lessened while the concentration of X and Y will be increased uutil 
equilibrium ensues, when the equation will be true again. 

These relations hold in practice. If it is desirable to convert one 
gram of acetic acid entirely into ethyl acetate, it has been found 
advantngeona to increase decidedly the amount of alcohol present 
beyond that which is sufficient to unite with the acid. Because of the 
mass of the alcohol pre.sent it causes the reaction to run in the direction 
which will tend to reduce its concentration, L e., to use it up by forming 
ethyl acetate. Thus is equilibrium between the components brought 
about, 

* The equilibrinm e<iuation niust contain a factor representing each unit (mole- 
cule, ntom or ion) which piiters into tho reaction whether they Ix? the same or dif- 
ferent. Hence if two jnoleculeH (ntonis or ions) of the B«nie substance appear in 
the equation, the factor representing the concentration of this auliatanoe must be 
repeated as A X A, i. e,, A*. If three moleculea (atoms or ions) of the same sub- 
stance enter the reaction, the fat^tor becomes A', 
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Suck action of a reagent in shifting the condition of equilibrium 
because of the large excess in which it is present is knotini as mass action. 
By increasing the concentration of the components on one side of an 
equation, or conversely, by decreasing the concentration of the com- 
ponents on the opposite side, mass action may be brought about. 

Considering the same reaction after equilibrium has been reached, 
if the concentration of water present he decreased, the equilibrium will 
be disturbed and the alcohol and acid will combine. This will lessen the 
concentrations on the side of the larger product and increa^je the con- 
centrations on the smaller side, thus re.storiug equilibrium. 

To consider another very instructive ilhistration : The process of 
dissociation is a typical reversible reaction which always comes to a 
condition of equilibrium between the ionized and uu-ionized portions of 
the substance in solution. The degree of dissociation, i'. e., the ratio 
between the ionized and non-ioniiied portions, depends largely upon the 
dilution of the solution. This is a direct consequence of the mass action 
relation, as can he demonstrated readily. 

Let common salt he put into aqueous solution to an amount suffleient 
to make the concentration of the dissolved snl>stance equal to unity. 
Concentrations arc expressed in molecules, atoms or ions of the active 
agents in a reaction as the case may be. Whenever the same number of 
molecules, atoms or ions are present in a given volume, the concentrations 
are equal. Suppose the dilution to he siieh that the salt is one-half dis- 
sociated. The number of undissociated molecules is one-half the total 
number of molecules added; the concentration of undissociated .salt is, 
therefore, i. The number of molecules of the dissociated salt is equal 
to the number of molecules undis,sociated. But each molecule of NaCl 
that dissociates separates oue Na and one CI ion. Therefore, the num- 
ber of Na ions is equal to the number of undissociated molecules; the 
concentration of Na ions is, therefore, i, Chlorin ions are present to 
the same concentration also. The p^eneral equation for the dis.sociation of 
a binary electrolyte, i. e., one which fonns two ions only, is 

A=XXYXK 

It becomes in this instance 

i = iX|XK 
in which case K = 2. 

Suppose, now, that the solution be diluted to twice its volume. The 
nimiber of molecules of undissociated salt in unit volume of solution is 
now one-half of its former value. Its concentration will he one-half the 
former concentration, or \. Similarly the cft\vc.ecX'rwL'C\OT» (SiV^va. «s^*i.^3i. 
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ions will ht' halved. Since the eonstaut quantity K is not influenced by 
dilution of the solution, it will be iinehanf^ed. The equation becomes then : 

i=iXiX2 

which is uBtnie. The product of the factors on the right side is much 
I smaller than the CBneentration of the left side. Ionization takes place, 
reducing the concentration of uudissociated salt and increasing the con- 
centrations of the iona until the equation is once more true. Thus 
dissociation is directly dependent on the dilution of the solution. 

irAcH the i^oliime of the solution is so large that further dilution 
gives no cvidcure af further rlissociatioir, the substance is said to be in 
a state af complete dissociation. According to these relations, however, 
there must still be present a minute amount of uudissociated salt, the 
concentration of which is practically zero. 

The conceptions of equilibrium and mass action lie at the foundation 
of any understanding of chemical reactions. Operating according to the 
relations just explained, certain physical properties of components in 
the reactions often act as detenuinlng factors and cause the condition 
of eqiiilibrium to be such that the concentration of certain factors be- 
comes practically, if not actually, zero. Because of this relation we can 
predict that whenever a gaseejiis, insoluble or sVujhthj dissueiaiiuij sub- 
Stance can be formed, it will be formed so long as there are factors present 
capable of fonuluf) it. This statement applies chiefly to reactions taking 
place in solution but the formation of a volatile product is a determining 
factor in reactions performed in the ' ' dry way ' ' as well. 

Let us eon.sider the substances AX and BY in solutions so dilute as 
to be eoropletely dissociated into the kathions A and B and the anions 
X and Y. On partial evaporation of the mixed solutions, in the absence 
of any determiuing factors, the kathion A would unite with the anions 
X and Y in proportions determined by the concentrations of the various 
ions present. In a similar way B will unite with X and Y, giving a 
mixture of AX, AY, BX and BY. A condition of equilibrium will 
result in which these four substances may be considered as ionizing and 
reacting toiretber in all possible ways, but to such a degree that the 
i proportions between the constituents are not changed. 

If, however, one of the substances, as AY, be gaseous, it will, as 
soon as formed, pass out of the solution and be incapable of affecting 
the reaction in any way. By the fact that AY is volatile its coucentra- 
tion is kept continually reduced to practical zero. The ions A and Y 
keep coming together to fonn more uudissociated salt in the endeavor 
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to briug about an iM|uilibrium which is coiitimially disturbed by the vola- 
tility of AY. If the reaetiou speed h suflficiently great, all of AT will 
be formed in a very short interval of time and will pass out of solutiou. 
There will be left in sohition nothing but B and X to form nndissoeiated 
BX on evaporation of the .solution. Thus a gaseous product determines 
the direction in which a reaction will go by keeping the concentration of 
the emistituents foriniiiLr it reduced to wro. 

An insoluble substance acts in exactly the same way. If the reac- 
tion be one that takes place in sohition only, an insoluble substance 
suspended in the liquid, however finely divided, vvill no more be present 
in solution or affect the reaction than a glass rod in the beaker. The 
difference between the insoluble substance inside the beaker and sur- 
rounded by solution and the gaseous substance unquestionably removed 
from the sphere of action is apparent and not real. 

If AY be a uon-volalile soluble substance dissociating but little 
in comparison with AX, BX and BY, it determines the reaction none 
the less definitely. Most reactions in solution take place between ions 
only. If AY does not dissociate appreciably, the concentrations of ions 
A and Y is kept less than is necessary for equilibrium and they are 
removed from the sphere of action just as completely as if AY were 
gaseiitis or insoluble. 

Certain of these determining facttjrs may exercise an influence under 
one condition in which a reaction takes place and not under other 
conditions. Hence the products of a reaction may be very different under 
one condition than under another, although the matter present ma,v be 
the same. This |xiint is illustrated on a world scale by the fact that 
the characteristic compounds of igneous rocks are anhydrous silicates 
while hydrated silicates and carbonates are typical of all later forma- 
tions. This difference is due to the fact that at high temperatures water 
and carbon dioxid are both volatile and were thus removed from the 
sphere of action. I'nder the conditions maintaining on the earth to-day 
water is an ever-present factor. Carbon dioxid is quite soluble in it 
and therefore the process of hydration and decompraition of the silicates 
known as "wcalbering" is acoonipaiiied liy the formation of carbonate 
deposits. With the temperature the equilibrimn shifts. That which 
under former conditions was the stable phase is to-day un.slable. 

In a similar way, from lioric acid and sodium carbonate in solution 
sodium tetraborate, NajB^Oj.lOIL,0, crj'stalliKc.s, while at the fusion 
temperature sodiiun metaborate, NaBOj. is formed. 

In the present consideration it has been assumed that <<&& ^»Vs&Sjs«>s» 
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of the reagents AX and BY are so dilute that the dissociation is com- 
plete. This is by no means essential to the proposition. In concentrated 
solutions a small fraction only exists in the ionized condition; the propo- 
sition is true, nevertheless. As the concentration of the ions A and Y 
are reduced to zero by the volatility, insoluhility or non-dissociatiou of 
AY, the equilibrium between the dissociated and undis-sociated portions 
of AX and BY is disturbed in each ease. This leads to further dissocia- 
tion of each salt until finally all of AX and BY have been ionized and 
reacted. By the operation of the same principles in the reverse direc- 
tion the ions B and X which are left in solution may become iindis- 
sociated BX to a large degree. 

The actual number of ions present in solution at any one time may be 
but a small fraction of the total number of ions that might exist at a 
greater dilution. It is not the actual number of ions present that de- 
termines the extent to which a reaction will take place or the amount of 
product that will be formed, but rather the total number of ions of a 
given kind that it is possible to form during the course of the reaction. 
Ions not actually existent at any one time but possible of formation dur- 
ing the course of a reaction are known as potential ions. 

In practical work it is not sufficient ordinarily to rely on reactions 
in which part only of the reagents interact while an appreciable fraction 
is unchanged. Reactions of this kind, moreover, do not generally give 
definite visible evidence that a reaction is taking place. For use in 
analytical chemistry such reactions are chosen as contain within them- 
selves some detcmiining factor to cause the practical completion of the 
reaction and at the same time give visible evidence that a change has 
taken place. Rence, such reactions as are accompanied by the formation 
of a precipitate, the evolution of a gas or a change in color are primarily 
important in formulating a scheme of analysis. 



HYDROLYSIS. 

To learn something of the application of the principles of equilibrium 
and mass action to the phenomena of dissociation, let us consider the 
ionization of what may be termed unbalanced salts. By this term is 
meant normal salts formed by the action of strong bases on weak acids 
or the reverse. Such salts are to be distinguished from the balanced 
nonnal salts formed by the neutralization of acids and bases which dis- 
sociate to appro.ximately the same degree. Unbalanced salts do not 
contain within themselves hydrogen or oxygen capable of forming either 
hydrogen or hydroxyl ions and they are, therefore, entirely different 
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from basic or acid salts. Sodium carLonate is such an unbalanced salt, 
being formed by the action of the strong base, sodium hydroxid, ou the 
weak carbonic acid. 

Let it be remembered that a strong base or acid di.ssoeiatea with 
groat readiness while a weak base or acid dissociates but little. Salts 
ionize readily, however. Sodium carbonate, Na.CO,. may be taken as a 
type of all other salts of strong bases with weak acids. When it goea 
into solution, it ionizes to a great extent, giving at once a high concentra- 
tion of sodium and carbonate ions. 

The neutralization of dilute acid with dilute solutions of the strong 
bases has been set forth as consisting essentially of the union of hydroxy! 
ions with hydrogen ions to form water. The formation of water from its 
ions of course implies dissociation info these ions. This is a fact and 
water may be considered either as a very weak acid or base. ^Yater is to 
be remembered, however, as a substance which dissociates to an extremely 
snmll degree, only about one or two in a thousand million molecides being 
ionized. Compared with compounds which dissociate readily this be- 
comes relatively zero and may be entirely disregarded. In dealing with 
substances which dissociate but little, these values often become signifi- 
cant. It is so in the present consideration. 

Sodium carbonate introduces into solution a high concentration of 
CO, ions and of Na ions. Water supplies a relatively small concentra- 
tion of on and II ions. With these four ions as factors, there is the 
possibility of the formation of NaOII and II^jCOj. Sodimu hydroxid 
ionizes readily; therefore the undissoeiated substance will not be formed, 
hut the ions will stay in solution in undiminished concentration. Car- 
bonic acid, on the other baud, dissociates to an exceedingly small degree. 
The product of the large factor — the concentration of CO^ ions — by 
the small factor — the concentration of II ions — is too great for the equi- 
librium between the dissociated and undis-sociated ILCO^. A reaction 
takes iilace to decrease the concentrations of the ions and to increase 
the concentration of the undissoeiated substance. The ions come to- 
gether to form undissoeiated carbonic acid. 

By this removal of hydrogen ions from the sphere of action, the 
equilibrium between the dis.sociated and undis-sociatcd water is dis- 
turbed and more water di.ssoeiates. Thus the concentration of H ions 
is raised to quite the original figure. This fact again causes the formation 
of more undissoeiated HjCO,. The dissociation of water and the forma- 
tion of undissoeiated acid from its ions con.t\Tiwe& xccv'C'Ol eo^-i&yfsxsssv' 



30 



QUALITATIVE ANALYSIS. 



reaeht'd. Tliere will remain an excess of OH ions wliieh gives the solu- 
tion the characteristic basic reaction to litmus and other dyes. 

Wlicn a salt is thus broketi down by means of water into the cor- 
responding acid and base, the process is called hydrolysis. Hydrolysis 
is a general pheuomeuon takinfr place whenever a salt of a weak acid or 
base goes into solution. Under ordinary conditions, because of the 
exceedingly small amount of dissociated water present, the proportion 
of salt actually hycbolyzed is verj' small, ordinarily not over one per 
cent. This proportion is sxifBcieut to be readily indicated by litmus 
paper, however. In some cases the presence of the free acid may be] 
indicated by the odor, althoutrh the solution gives the basic reaction, J 
Solutions of the alkali salts of the volatile hydrocyanic, hydrosiilfurio:| 
and sulfurons acids exhibit these phenomena to a considerable degree. 

If solutionis of the salts of weak bases with strong acids be investi- 
gated, exactly the reversed phenomena will be observed. Ferric chlorid 
is such a salt, ferric hydroxid being a very weak base while hydrochloric 
acid dissociates readily. On going into solution ferric chlorid gives high] 
concentrations of Fe and CI ions. The dissociated water give.s low con- 
centrations of OH and H ions. The product of the large factor — the 
concentration of ferric ions — by the small factor — the concentration 
of OH ions — is too great for the equilibrium between dissociated and 
undissoeiated ferric hydroxid. The equilibrium reaction takes place, 
reducing the concentration of the dissociated salt by the formation of the 
undissoeiated base, FelOH),. An excess of H ions remains that give»] 
to the solution an acid reaction. 

The fact that ferric hydroxid is insoluble aids this reaction very 
materially. Ferric hydroxid acciuuulates as a precipitate, therefore, 
until the concentration of acid becomes sufficient to dt.ssolve it and form 
ferric chlorid and water once more. Thus the system comes to equi- 
libriiuii. It i.s maintained in this condition by the continuous formation 
of free acid and base by hydrolysis, and the formation of the salt by the^ 
neutralization of the one by the other. It is, however, only necessary 
to remove the acid by appropriate means in order that complete hydrol- 
ysis may take place and all the ferric hydroxid be precipitated. 

// there he a consiihrablr iJifftrenee bctifcfn the strengths of the acid 
and the basic constifHent of a salt, hijdrohjsis will give to its aqt(eoHS 
solution the reaction of the constituent which dissociates to the greater 
extent. 
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EEPRESSION or IONIZATION. 

Ill tliluU" soliTticins the (listJoL'iiilitui of u substance is not ordLiiarily 
affected appreciably by other substances present in reasonably small 
amounts, provided they do not combine directly with any of the ions pres^ 
ent. If, however, two substances are capable of fomiirig a common ion, 
they will have a decided efifect on each other especially if one dis- 
soeiates more readily than the other. Acetic acid and its salts illustrate 
this phenomenon ver>' satisfactorily and furnish an instance of great 
interest to analytical chemistry. 

In dilute acetic acid solutions only small concentrations of hy- 
drogen and acetate iuns are present, since at the ordinary dilution, the 
ionization of acetic acid is only four per cent, of that given by hydro- 
chloric acid. For this reason many reactions will take place in acetic 
acid solutions which cannot be brought about in solutions of the mineral 
acids. In the efjuation representing the equilibrium between the dis- 
sociated and undissociated acid, the factors representing the concentra- 
tions of the hydrogen and acetate ions are equal. 

If a considerable amount of sodium acetate or other salt of acetic 
acid be added to the solution, -since salts di.s.sociate readily, a high con- 
centration of metallic ions and of acetate ions is introduced. The total 
concentration of acetate ions is now many times the concentration pro- 
duced when the acetic acid first came to equilibrium with its ions. 
Consequently, the initial equilibriiun is disturbed and a reaction ensues 
to lessen the concentration of the ionized portion of the acid. Hydrogen 
and acetate ions come together, an equal ruimber of each, to form undis- 
gociated acid. But since the concentration of acetate ions was increased 
by a verj' considerable factor, the concentration of hydrogen ions must 
be decreased correspondingly until equilibrium is reached. 

In the equation representing this final condition of equilibrium the 
concentration of acetate ions is a very large factor while the concentra- 
tion of hydrogen ions is very small. In this way the concentration 
of hydrogen ion.s, consequently the acidity of the solution, is greatly 
reduced without neutralization or removal of the acid. This phenomenon 
is known as the repression of ionization. Whenever a strongly disso- 
ciating dcctrulylc is added (o a solitUon of a slighthj dissociating sub- 
stance, the ionizafiou of the weaker one. is thereby repressed, provided 
the two substances have a common ton. 

As a further illustration of this same principle the action of salts of 
ammonium upon the free base may be cited. Ammonium hydroxld is 
a weak base, at ordinary* dilutions dissoeiatii\^ GUV'S '^ ^Sow^ii. «ftft,-Vs«sx,- 
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hundredth of the extent to which sodium and potassium hydroxids ionize' 
By the addition of the ehlorid or other salt of ammonium to its solutions 
the concentration of hydroxyl ions may be jnueh further reduced. Am- 
moniiun cblorid dissociates readily, introducing a high concentration of 
ammonium ions which disturbs the original equilibrium between the 
undissoeiated base and its ions. Ammonium ions unite with hydroxyl 
ions, therefore, to increase the concentration of the undissoeiated base 
and decrease the concentration of the ions. By the removal of hydroxyl 
ions fr<:im the solution its basic properties are lessened. This principle 
finds frequent application in the separation of the diflferent metals in 
qualitative analysis, (See pages 265 and 269.) 



SOLUTE AND SOLVENT. 

When a substance, technicaliy known as the solute, is brought in 
contact with a solvent, it dissolves, the proportion of solute to solvent 
increases from zero* until a certain definite ratio between the solute and 
the solvent is reached which is known as the solubility of the substance 
dissolved. The solubility of a substance expresses the proportionate 
composition of a solution which is at equilibrium with the solute in con- 
tact with it; that point at which as much goes into solution as separates 
from it in any given interval of time. A sohition which is at equilibrium 
with the solute is said to be a saturated solution. 

Most solids dissolve to a greater degree in hot solvents than in cold 
solvents and the solubility is said to increase with the temperature. 
Liquid solutes are affected much le.ss regularly by temperature, while 
the solubility of gaseous solutes decreases as the temperature iucreases. 

If a solution of a solid prepared at a high temperature be cooled, 
as its solubility decreases with the temperature, it will contain more of 
the solute than Jt can hold and still he in equilibrium. A solution in 
this condition is said to be a supersaturated solution. 

The normal tendency of such a sui>ersaturated stJution is to sep- 
arate the excess from solution. This readily occurs if some of the 
solid he in contact with the solution. If no solid solute be present, 
however, solutions of some substances show a surprising tendency to re- 

* As the amount of solvent contained in a given amount of solute increases from 
rero the specific gravity of the solution pliauges slowly mid nifiy become eitlier greater 
or less than the specific gravity of the pure solvent. At any given temperature there 
is a definite specific gravity for each definite proportion between solute and solvent. 
Many common substances have beeo carefully investigated in this respect. Hence 
it is possible to ascertain the concecttratioD of a .wlution of these substances simply 
by determining the specific gmvity, (See pages 322 and 323.) 
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main in a highly supersaturated condition for some time, especially if 

the solution be uot disturbed. Separation of the excess can usually be 
induced by vigorous shaking or by adding a minute particle of the 
solid substance. 

If the separation takes place comparatively slowly, large regular- 
shaped forms result. Uie physical properties of which usually varij ' 
with the direction through the mass. Such forms are known as crystals 
and the process of separation of the solid from the solvent as 
ctystaUization. 

Many subiitances in separating from solution in crystal form take 
np a definite amount of the solvent which is an essential constituent of 
the crystal to ivhich many of its properties, especially its color, are 
due. While this phenomenon is not confined to any particular solvent, 
water shows especial tendencies in this direction sMd when so incor- 
porated in the crystalline structure is kno'mi as water of cryataUiaation. 

Water of crj-stallization shows none of the ordinary propfrties and 
is undoubtedly combined in some way with the solid substance. The 
eombination is less stable than many of the known chemical compounds, 
for the water is usually driven off when the temperature is raised much 
above 100° and then shows all its characteristic properties. 

Under ordinary conditions certain crystals tend to lose their water 
of crj'stallization, giving it up to the afmosidiere surroundiug them. Such 
.substances are said to be efilorescent. On the other hand certain sub- 
stances are able to take up moisture from the atmosphere and are said 
to be hygroscopic. The absorption and condensation of water from the 
atmosphere eontinues in some ca.ses until the substauee passes into 
solution, this phenomenon being known as deliquescence. It is to be 
noted, however, that these phenomena depend es.sentially upon the amount 
of water vapor present in the atmosphere and the same substance that 
is efHorescent in a dry region may be deliquescent in the presence of 
moisture. 

A substance which is free from water is said to be anhydrous. 

If the separation of the solute from the solvent takes place rapidly, 
the product is finely divided and is called a precipitate, the process being 
known as precipitation. 

The precipitate niay be crijstalline, micro-crystalline or pulverulent 
(like powder), depending on the size of the crj-stals formed or, if the 
particles are so small as to be apparently without definite shape, the 
precipitate may be flocculent, clotted or gelatinous. In every case, how- 
ever, the solution from tvhich a precipitate separates is still !Sfl.(.UT(i\«.4. 
ivith the precipitated substance, 

4 
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If it be desired to separate a snbstnuce as completely as possible from 
solution, conditions must be brouiilit about under which the solubility 
of the substance is small ; otherwise much of the solute will be still con- 
tained in the saturated solution. If, for instance, it is desirable to 
separate barium as completely as possible from solution, it is necessary 
to decide in what form to precipitate it. One must take into considera- 
tion the facts that in a saturated solution of barium hydroxid there is 
1 part of the solute to 20 of water, of barium carbonate, 1 part to 50.000 
of water, and of barium sulphate, 1 to 400,000. Hence it is not wise to 
attempt to precipitate as the hydroxid, because that would leave behind 
one part of hydroxid in everj' 20 parts of water, hut rather as sulfate, 
which will leave only one part of the salt in 400,000 of water. 

Substances which have extremely small solubilities are often said to 
be insoluble in distinction from those which have fairly lar^e solubilities 
which are known as soluble. There are no substances which are truly 
insoluble, although from the standpoint of qualitative analysis many 
are practically insoluble. 

The term precipitation is restricted usually to substances which are 
fairly insoluble, while the word crj'stallization applies to those which 
are readily soluble. 

Water is always understood to be the solvent to which reference 
is made wheu no other solvent is specially mentioned. 

Qualitative analysis consists largely of a study of comparative solu- 
bilities. To a solution which may contain many different substances, a 
reagent is added often capable of reacting with each. Some of the 
reaction products are so slightly soluble that the first trace formed will 
"be sufficient to saturate the liquid and the remainder will then separate 
as an insoluble precipitate. Other reaction products will have such 
large solubilities that the total amount formed will not be sufficient to 
•saturate the solvent present, hence all will remain in solution. Because 
of such differences in solubility, separations are readily effected. 

Since the method of classifying the elements into groups according 
to any scheme of qualitative analysis depends alone on the varj'ing 
solubilities of the compounds formed, it does not necessarily mean that 
those elements that most closely resemble each other in their ebemieal 
properties and their compounds will be found in the same group. The 
metals mercury, cadmium, zinc and magnesium closely resemble each 
other, yet are found two of them in Group I, one in Group III and one 
in Group V, owing chiefly to very varying solubilities of their respective 
sulflds. The grouping of elements in qualitative analysis denotes 
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similar solubilities of similar salts of the diflfereat metals in any group 
and nothing furtber. 

The most satisfactory classification of the elements into groups based 
on chemical similarity in properties is known as the Periodic System and 
is given on pages 64 and 65. 

An interesting case of the interworking of the laws governing solu- 
tion and ionization may be developed from a consideration of the 
phenomena resulting when substances insoluble in water are treated with 
solutions of aeids. Tli<^ insoluble salts of weak acids dissolve in solu- 
tions of strong acids, but the insoluble salts of strong acids will not 
dissolve in the solutions of other strong acids. 

When calcium phosphate comes in contact with water, it forms a sat- 
urated solution. Practically all of the dissolved salt exists in the 
ionic condition, for the dilution is large since the solubility is small. 
There is equilibrium between the ions and the undissociated salt and 
between the dissolved and the undissolved portions as well. If any 
strong acid be added, it introduces a relatively high concentration of 
hydrogen ion.s. This factor taken into consideration with the concentra- 
tion of phosphate ions introduced by the dissolved salt is too great for 
equilibrium between dissociated and undissociated phosphoric acid since 
this acid dissociates to a small degree only. By the equilibrium reaction 
undissociated phosphoric acid is formed, the concentration of phosphate 
ions is lessened and the equilibrium between the dissolved and undis- 
solved portion of the salt is disturbed. More salt passes into solution 
to restore the original concentration of phosphate ions. This causes the 
formation of more undis.sociated phosphoric acid and a second adjust- 
ment of concentrations becomes necessarj'. In this way the slightly 
soluble salt dissolve.s readily as long as there is a high concentration of 
hydrogen ions in the solution. 

There remains in solution an abundance of calcium kathions and 
the anions of the acid added. The phosphoric acid is for the most part 
nndis-soeiated. By the application of the principles of equilibrium and 
mass action alone it is thus possible to explain how the "stronger acid 
takes the base from the weaker acid." 

Insoluble hydroxide are all readily soluble in acids and are to be 
considered as .salts of the very weak acid, HOH. Many, probably all, 
oxids unite with water to form hydroxids to some extent at least. Their 
solubility in dilute acid solutions is to be explained exactly as the solu- 
bility of the hydroxids. 

On the other hand, solution of the very-slight ly-¥o\\!foVii ^M«t ^iii.«tv^. 
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is not appreciably aided by the addition of the strong nitric aei^ 
tilthough both of the products of the possible metathesis, silver nitrate 
and hydrochloric acid, are extremely soluble. The conditions of equi- 
librium betweeu the ionized and non-ionized portions, and the dissolved 
and undissolved portions of the silver chlorid are not disturbed by the 
highest concentrations of hydrogen ions obtainable. There is no tendency 
toward reduction iu the concentration of any of the ions preseut in solu- 
tion by the formation of undissociated substances since all the compounds 
possible of formation dissociate to a very high degree. Hence the system 
maintains the efiuilibrium which it first reached. 

The hydroxjds of lead, tin, zinc and aluminum, substances insoluble 
in water, furnish another application of the same principle by their 
solubility in strong bases. Here water plays the part of a weak 
acid (see pages 29 and 176). In the presence of a high concentration 
of hydroxyl ions from sodiimi or potassium hydroxid (ammonium hy- 
dioxid is not suflSciently dissociated), lead hydroxid, PbOjHj, acts 
as an acid and separates hydrogen ions (see pages 22 and 143). Water 
is formed from these components and the initial equilibrium dis- 
turbed. The lead hydroxid continues to dissolve and water continues 
to form until all the lead hydroxid has passed into solution. There 
is left an abundance of the ions PbOj and Na to form the salt, sodium 
plumbite, XajPbOj. 

In general, whenever any reagent is added to a saturated solution of 
an insoluble substatice, the solution being in contact with an excess of the 
solute, if the added reagent causes the concentration of the ions of the 
solute to become less, the insoluble substance tends to dissolve. 

SEPARATION OF SOLIDS FROM LiaUIDS. ^ 

A liquid may be separated from a substance dissolved in it by 
causing the liquid to become volatile or to pass into the gaseous state. 
Such a method of separation is not applicable W'hen both solute and sol- 
vent are volatile under the same conditions. If the liquid is not retained, 
the process is known as evaporation. At high temperatures evapora- 
tion takes place more rapidly than at low temperatures. At ordinary 
temperatures it is said to be spontaneous. 

If, in the separation of solute from solvent, the liquid be collected, 
the process is called distillation. The liquid is usually caused to evapo- 
rate rapidly by applying heat. The vapors are liquefied again by 
passing through a cooling apparatus called a condenser. The con- 
densed liquid, thus separated from all non-volatile substances, is known 
as the distillate. 
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A liquid may be separated from substances suspended in it by 
straining it throiipli a porous menibrane, thp size of the pores being such 
that while the partiules of the liquid are readily allowed to pass through, 
the passage of the suspended matter is prohibited. This membrane is 
known as the filter; the liquid passing through its pores is called the 
filtrate and the suspended matter retained by the filter is termed the 
residue or precipitate. 

The process of filtration is merely a mechanical screening out of 
the suspended matter beeause the size of these particles is verj' much 
larger than the molecules of the liquid. Obviously the size of the 
particles to be removed will determine how small the diameter of the 
pores in the filter must be to effect a separation. Almost any powder 
which can be obtained mechanically may be satisfactorily separated by 
ordinary filter paper. 

Just as the particles of a solid substance move over each other 
with friction, so do the molecules of a liquid move with friction on each 
other. Friction between molecules as distinguished from friction between 
masses is called internal friction, or, more often in the case of liquids, 
viscosity. Since heat increases the freedom of motion of the molecules 
of a body, the visco.sity of a liquid is lessened. For this reason it will 
pass through a filter much more rapidly when hot than when cold. It is 
expedient, therefore, to filter all liquids as hot as they can be con- 
veniently handled luiless there is some definite reason for doing otherwise. 

By certain chemical reactions it is possible to produce precipitates 
so finely di\Hded that they %vill pass through the finest filter. The par- 
ticles are so minute as to be invisible to the most powerful micro- 
scope. The liquid in which they are suspended, appeal's perfectly clear 
and has all the appearance of a solution, although its properties are 
those of the pure solvent. Such a finely divided precipitate is known 
as a colloidal precipitate or as a pseudo-solution. 

On boiling a pseudo-solution the particles generally coalesce, the 
liquid becomes turbid nnd may then be filtered in the ordinary way. By 
the addition of a strongly dissociating substance to the pseudo-solution 
a visible precipitation may often be effected. 

Other precipitates are frequently met, intermediate in size betweei 
the colloidal precipitate and that which may be readily filtered. So 
times these may be so finely divided as to run through the filter paper. 
This may often be prrn-ented by using two filters instead of one or by 
pouring the cloudy filtrate back onto the paper repeatedly. The tjate*. 
in the filter will gradually become filled ^^'\^.\v W\ft \ite,«iv$\X»L\». Vi siNsSSi 
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ran extent that the filtrate will fiiiHllj' run through clear. By allowing 
a finely divided preeipitate to stand for some time in hot water, the 
particles often coalesce and become more erj'stalline after which they 
may be readily filtered. 

Sometimes a precipitate, on standing in contact with a cold solution, 
will exhibit a tendency toward the formation of colloidal precipitates. 
The residt is the formation of a slime which clogs the filter and makes 
the process of filtration exceedingly slow and tedious. As the tendency 
toward the formation of colloidal solutions decreases as the tempera- 
ture rises, rapid filtration is assured by the use of hot liquids. 

The regrulation round filter should be folded twice to form a quad- 
rant and then opened so as to form a cone with three thicknesses of i 
paper on one side and one on the other. In this shape it should be in- j 
serted in the funnel and the paper fitted to the glass by adjusting the 
folds a trifle if necessary. Moisten with water and press firmly against 1 
the aides of the funnel so that the filter and funnel are everywhere in 
contact. "When a solution is poured upon a properly fitted filter, the | 
stem of the funnel will fill with the hot filtrate, the weight of which 
will tend to suck the liquid through the paper and make the procesij 
more rapid than if the filter is laid loosely in the funnel. 

In order to separate the precipitate completely from the filtrate, it 
should be allowed to drain as dry as possible, after which it is necessary 
to wash it. Hot water should ordinarily be used, since a small volume 
will dissolve any adhering substances to a greater degree than the 
same volume of cold water. For the reasons already considered, washing 
with hot water tends to keep the precipitate in better condition than 
cold water. After each washing^^ the precipitate should be allowed to i 
drain thoroughly before more water is poured onto the paper. 

If the precipitate settles rapidly and it is undesirable for any 
reason to separate it by filtration, the liquid may be poured off as 
completely as possible and hot water added and the mixture shaken. 
After allowing the precipitate to settle again the wash M'ater may be 
poured off and the precipitate treated as before. This process is known 
as washing by decantation, 



OXIDATION AND REDUCTION, 

When heated in air or an atmosphere of oxygen, many substances 
gain in weight. Because of the chemical activity of oxygen at high 
temperatures, they unite with it and form oxids. This process is known 
as oxidation. 
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Ou the other hand, when oxids are heated iu an atmosphere of hy- 
drogen, they lose their oxygen since it unites with hydrogen to form 
water. This process is called reduction and is the reverse of oxidation. 

Certain iion-metallie elements, other than oxygen but equally reactive, 
behave in a very analogous manner under the same conditions. Henee 
it is customary to extend these conceptions and to consider as oxidation 
any process in which a non-metalUc clement is added to a substance or 
hydrogen is removed from it. licdiiction is any process in which a non- 
metallic element is taken away from a substance or hydrogen is added 
to it. 

That the removal of hydrogen is equivalent to the addition of oxy- 
gen, and vice versa, can best be shown by a concrete illustration. If 
anunonia, NH,, be oxidized, we may consider that the oxygen attaches 
itself directly forming a compound, NHjO. If this new comixiund sub- 
sequently decomposes into NH and HjO, it does not lessen the fact that 
NH ia an oxidation product of NH^ as well as HjO. Yet NH is simply 
NHj from which hydrogen has been removed. Further oxidation may 
remove all the h.vdrogen and later add oxygen. In the oxidation of 
ammonia all of the following steps are conceivable and all are known 
with the exception of the third : 



2NII, N,H^ NjHj 



Nj NjO NjOj N,Oa NjO, NjO. 



Looked at from the other direction, each one of these bodies may 
be regarded as a reduction product of NjO., in which case reduction is 
seen to be no less a removal of oxygen than the addition of hydrogen, 
NjOj is to be regarded as the highest oxidized product of ammonia and 
NH3 as the lowest reduction product of nitrogen pentoxid. 

Any sub.stance which causes oxidation is called an oxidizing agent. 
Any substance causing reduction is known as a reducing a^^ent. 

Oxidation and reduction are reciprocal terms. One prot'fss can not 
take place without the other. If one sub,stanee gives up its non-metallie 
con.stituents wholly or in part to another substance, the latter is oxidized, 
but the oxidizing agent is itself reduced. Henee any substance which is 
readilg oxidized is a reducing agent and any substance which is readily 
reduced is an oxidizing agent. 

Under these cireumstances it is not surprising to find that certain 
substances may be either oxidizing or reducing agents depending on 
the conditions present. In the preseuce of a strung o.\idizing agent they 
may act as reducing agents, while in the presence of a strong reducing 
agent they may act as oxidizing agents. 
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Those elements which are ordinarily used aa oxidizing agents are 
oxygeu, ehlorin, bromin and iodin, together with compounds from which 
these elements may be readily liberated. 

Hydrogen, carbon and compouuds containing these elements in con- 
siderable profTOrtions are the ordinarj' reducing agents. Sulfur and 
its compounds are used as reducing agents also, but the element and 
its dioxid may act as oxidizing agents in the presence of stronger re- 
ducing agents. 

By far the most active reducing agent known ia hydrogen, especially 
at the moment when it ia liberated from a compound. If a metal be 
thrown into a solution of an acid, any substance present in sttlution with 
the acid will be reduced more quickly than if the hydrogen ia collected 
and then bubbled through a similar solution. When in this very active 
state, it is said to be in the nascent condition. 

Pos.sibly the most satisfactory explanation that has been offered of 
this phenomenon is concerned with the structure of the molecule. The 
molecule of gaseous hydrogen is known to consist of at least two atoms 
joined to each other. This structure may be represented graphically by ' 
the formula 11 — H, each atom being linked to its fellow by a single 
bond since hydrogen is a univalent element. For an instant after its [ 
liberation from a compound it ia thought to exist in the atomic condition, 
the atoms being not yet joined together. This condition may he repre- 
sented by the symbol H— , the free bond indicating that the atom exists J 
alone uncombined with any other. It is easily conceivable that any 1 
substance would be more active when its atoms were free than when 
joined together in pairs or otherwise to form molecules, since in the 
latter condition the molecule must be broken up before its atoms can 
unite with the atoms of other substances. 

Elements other than hydrogen exhibit similar phenomena. The 
nascent condition of an element may be indicated by free bonds attached 
to the symbol for its atom, one bond being added for each valence ahown. 
Nascent ehlorin, being univalent, is represented by the symbol CI — j 
nascent o.'sygen, being divalent, is represented by the sjTubol 0^, 

Hydrogen is the best reducing substance known, yet a compound in i 
which hydrogen is present to only a small proportion may be a more active ' 
reducing agent than hydrogen gas, provided it can be made to liberate 
its hydrogen in the nascent condition. Similarly oxygen gas is not nee-] 
essarily the beat oxidizing agent, for any substance which will liberate 
nascent oxygen will lie a more active oxidizing agent. Hence it is that ! 



OXIDATION AND BEDUCTION. 

many compounds are known whieh are more active oxidizing agents 
than air or even pure oxygen. 

In the reactions with which qualitative analysis is concerned, the 
following substances act as oxidiziiig agents; 

(a) Oxygpn {h) Nitrous aeid, IlNOj 



Sulfur 
ChJorin 
Bromin 
lodin 



(c) Stannic salts — from 

the oxid SuOjj 

Ferric salts — from 

the oxid Fe=0 

\ 
O 

/ 

Fe=0 

Mercuric salts — 
from the oxid 
HgO 

(a) The elementary substances usually show their oxidizing action 
by direct addition to the reducing substances, as the following reactions 
indicate : 



Nitric acid. HNO3 
Hypochlorous acid, HCIO 
Chloric acid, HCIO, 
Permanganic acid, HMnO^ 
Chromic acid, HjCrO,* 
Dichromic acid, H^CrjO, 
Hydrogen peroxid, HjO, 



SO, + Of • 
SnS + S- 

PeCl, -\-Cl- 
SnCij + Br, 



->S0, 

SnS.. 



PeCL, 

^ SuCl..Br, 



or, doubling the qxiantities, 



2SnCI, + 2Br, ~* SnCl^ + SnBr,. 
(5) 2Na,S,0, + I, -^ 2NaI + Na,S,0, 

The halogen elements, chlorin, bromin and iodin, frequently act as 
oxidizing agents when it is preferable to indicate their action as an 
addition of oxygen rather than of halogen. In such cases it is customary 
to consider that the halogens act on water, decomixising it. forming a 
hydrogen halogen acid and liberating nascent oxygen wliich then adds 
directly to the reducing agent. The follo«nng reactions will clearly 
indicate the nature of the process. 

2Cl + H,0 -^ 2nCl + = HMO., + = ^ HNO^ 

" Chroniie acid is practieaHy unknown, since it loaea water and passes into 
dicbrooiic acid according to the reaction: 

2H,CrO. -* H,Cr,0, + H,0 

It is included in the table hecaufw ita salts are well known. 

t Although it is a well-establiBhed fact that the molecules of noo-metallic clementa 
consist of at least two atoms, no attempt wUl be made to introduce at least, a. molecule 
of all elements into equations when simplicity is to be gained by represenUiiSL "="*^ 
a single aton. 
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Both reactions may be combined in one. 

HNO, + 2C7 + 11,0 -^ HNO, + 211 CI 

(b) All of this group of oxidizing agents are acids. Salts of these 
acids, especially the sodium and pota^ium salts, are frequently used 
instead of the acids. The lead and manganese salts of hydrogen 
peroxid, lead and manganese dioxids, are quite as commonly used 
as sodium peroxid. Since a salt is generally more stable than the 
corresponding acid, as an oxidizing agent a salt is less energetic than 
the free acid, 

For the purpose of simplifyiiig oxidation and reduction reactions it 
is often advisable to consider an acid or its salt as composed of an oxid 
of a metallic element and an oxid of a non-metallic element, hydrogen 
being considered as a metallic element. Chromic acid, H,C'rOj, is 
equivalent to HjO and CrO^ ; potassium chromate to Kfi and CrO,. 
None of the oxygen available in a reaction comes from water or the ' 
metallic oxid corresponding to it, as KjO or Na,0, henee no error isj 
made in disregarding these factors. In this way we may consider 



Nitrous acid, 2HNOs 
Nitric acid, 2HN0,, 
Hypoehlorous acid, 2HC10, 
Chloric acid, gHClO^, 
Permanganic acid, 2HMnOj, 
Chromic acid, H^CrO,, 
Dichromic acid, Il.^CTfi., 
Hydrogen peroxid, HgOj, 



as H^O + NjOj, 
as HjO + NjOj 
as 11,0 + C1,0 
as 11^0 + CIA 
as HjO + MnA 
as H,0 + CrOj 
an n,0 + 2CrO, 
as H,0 + 



Since these non-metallic oxids are acids minus water, they are known] 
as acid antaydiids. 

That this series of acids and salts act as oxidizing agents is duel 
to the fact that ordinarily in the presence of reducing agents their 
anhydrids are not as stable as some lower form containing less oxygen. 
Thus NnOa is the oxid of nitrogen usually formed as a reduction product, 
hence both nitrous and nitric acids break down into NjO^, water and ' 
nascent oxygen. The amount of oxygen liberated depends on the differ- 
ence in the oxygen content between the oxidizing agent and the com-^ 
pound stable in the presence of reducing agents. By the application of 
this principle an oxygen equivalent may be calculated for each oxidizing] 
agent. The conditions of the experiment influence the amount of oxygen 
liberated somewhat, but the equivalents given by the following equa- 
tions may be considered as typical. 
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Nitrous acid (2 mols.J, NjO, 
Nitric acid* (2 mols.), NjOf. 
ChroBuc acid (2 mols.), 2CrOj 
Dichromic acid (1 inol.), 2CrOs 
Permanganic acid (2 mols.), Md,0- 

Permanganic acid (2 mols.), MrijO- 
ITypochlorous acid (2 mols.), CUO 
Chloric aeid (2 mols.), CLO, 
Hydrogen peroxid (1 mol.), 



Cr-^O, 
2JrnO» 



2MnO 



+ = 

+ 30 = 
+ 30 = 
+ 30-= 

+ 30= in neutral or al- 
kaline solution 
+ 50 = in acid solution 
0= + 2Clt 
50 = + 2Clt _ 

= 



* 



By the intervention of a molecule of water in those reactions in 
which the direct addition of chlorin, bromin or iodin is not to be indi- 
cated, the action of the halogen elements may be referred to an oxygen 
basis and their oxygen equivalent indicated as follows: 

c/i + n,o^2iici + o= 

Br., + H„0 ^ 2HBr + = 

I^ + H,0-..2III +0=t 

* One of ttic eomnioneHt oxidizing agents ia knovm as aqua regia. It is made 
by mixing nitric and hydrochloric acids atid wanning. Since hydrot'hloric acid is not 
an oxidising agent, the oxidizing power of aqua regia muat be due entirely to nitric 
acid. In the proportiotiB of three of hydrochloric acid to one of nitric aeid tbe fol- 
lowing reaetioB takes place: 

3HC1 + HNO, ->■ 3C1 — -I- O = +N + 2H,0 

Since nascent chlorin attacks many mineral Eubstaneca far more readily than 
nMBent oxygen, aqua regia is a more general oxidixing agent than nitric acid alone. 
In this combination nitric acid is broken down to free nitrogen, thos a greater equiva- 
lent of oxj-gen ia obtained than is usual with nitric acid. 

Aqua regia consistB of a mixture of hydrochloric acid, nitric acid, nascent 
chlorin and nascent oiygeo. Its action may be more satisfactorily expressed by these 
individual reagents, such as are needed, than by attempting to write an equation that 
shouid include tbe whole mixture. Tbe oxidation of roercurous chlorid by aqua regia 
is best expressed by the equation : 

(HgCl), + 26'J — -^ 2HgCl, 

The oxidation of nickel sulfid uses other ren gents: 

NIS + 40= + 2HC1 —* mci, + HjSO. 

t Although hypnchtorous and chloric acids decompose in this way, their salts do 
not. Tbe latter break down into chlorida and nascent oxygen, thus: 

KCIO -» KCl + 0= and KCIO, _» KCl -(- 30 — 

The oxygen equivalents of salt and acid arc the same, the only difference being that 
the salts liberate oxygen only while the acida liberate both oxygen and chlorin. 

t This reaction with iodin in not known to take place to an appreciable extent 
under orilinary conditions, but for the sake of syatematization ^t twkj Vfc iS!iBS«'B&. ■»» 
appear in this connection. 
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(c) Since the salts of any metal may be formed by the action of 
acids on the various oxids of the metal, these ozids offer a simple basis 
for the consideration of oxidation and reduction reactions. Any bi- 
balent salt of iron may be formed, theoretically at least, by dissolving 
the bivalent ferrous oxid, FeO, in the necessary acid. Similarly, any 
trivalent salt of iron may be formed by the action of the necessary acid 
on the trivalent ferric oxid, Fe^O,. The oxidation of ferrous chlorid, 
FeClj, ferrous sulfate, FeS04, or ferrous acetate, FeCCsHjOj)^ to ferric 

' 'chlorid, Fed,,, ferric sulfate, Fe2(S0,)s, or ferric acetate, FeCC^HjOi),, 
may be considered as the oxidation of ferrous oxid to ferric oxid and 
the action of the necessary acids on the oxidation product. By this means 
the oxidation of any particular salt is referred to a general basis and 

I the equations much simplified. For instance, let ferrous sulfate be 
oxidized by the oxygen of the air. To oxidize ferrous oxid to ferric 
oxid requires one atom of oxygen for every two molecules of ferrous 
oxid treated, for 

L Pe=0 

■j 2Fe==0 -f-0^ 

^M Fe=0 

^^^H^ atom of oxygen will oxidize two molecules of ferrous sulfate in 

r the same way : 

' Fe=SO, 

\ 

2Pe = SO, + ^ O 

/ 

This compound may be considered as a mixture of ferric sulfate and 
ferric oxid in the proportion of 2Pe.j(S0i), to IFejOj, Evidently there 
is need of additional sulfuric acid to convert it entirely intQ ferric 

sulfate, for 

FeMBO, n Fe=SO« 

\ \ \ 

+ SO,^ SO,-fH,0 

/ / / 

Fe=SO. H Fe=SO, 

Ferrous sulfate can not be oxidized entirely over into ferric aiilfate 
except in the presence of free sulfuric acid. 

From a consideration of this and other similar reactions it is seen 
that acid is used up in many oxidation reactions. For this reason 
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it is generally true that oxidation takes place better in acid than in 
neutral or alkaline solutions. 

From the reactions already considered it will be apparent that the 
element oxidized generally has its valence increased. Divalent iron 
becomes trivalent, divalent tin becomes tetravalent. Divalent sulfur in 
hydrogen sulfid, H^S, oxidizes to the hexavalent condition in sulfuric 
acid, HjSOj. For each atom of oxygen or its equivalent added to an 
element, its valence is increased by two. Nevertheless increase of valence 
is not always brought about by oxidation. Hydrogen gas bums to water, 
marsh gas to water and carbon dioxid. The following equations repre- 
sent the reactiou.s taking place and show the valences of the elements in 
each compound : 

E—H + ^ H — — H 



H 

I 
H — C — H + 20, 

I 
H 







2H — — H + C 



\ 



O 



Some elements form a hydroxid corresponding to each of the different 
valences shown by the element. The valence of manganese changes 
from two to seven and mast of the corresponding hydroxids are known. 
The hydroxid of divalent manganese acts as a fairly strong ba.se and 
forms salts, such as manganous ehlorid, MnCL,, in which manganese 
plays the part of a metal. The hydroxid of manganese showing seven 
valences, on the other hand, aets as a strong acid and fornLS salts, such 
as potassium permanganate, KJInO^, in which manganese appears in 
the anion. The hydroxids of manganese showing a valence of three, 
four and six are intermediate in properties, trivalent manganese acting 
as a weak base, tetravalent manganese as a very weak acid. Hexavalent 
manganese forms an acid which is stronger than the corresponding 
compound of tetravalent manganese, but not so strong as permanganic 
acid. (See pages 212-220.) 

"While the hydroxids of sulfur are all of an acid nature, sulfurous 
acid corresponding to the tetravalent condition is much weaker than 
the hexavalent sulfur in sidfuric acid. Persulfuric acid in which sulfur 
shows a valence of seven is still stronger. {See pages 1S4-190.) 

Thus it is seen that when an element is oxidized, with an increase in 
valence there is a decrease in the basic properties and a corresponding 
increase in the acid properties of the element as is shown by the nature 
of the compounds formed. For this reasoia^ IKe eXtxAe'tvX.a \oTwiv«*.<a ^J^*- 
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strongest bases at'e all imivalcnl: divalcid basts are less strong. Bases 
from tri- and tefravahut rlemtnts are tlccidedly weaker. So weak are 
they that their salts generally hydrolyze in solution. For these reasons 
tri- and tetravalent kathioiia are not so well known as those of a smaller 
valence. {See pages 11 and 20.) Conversely, a comparison shows that 
«/ an element is capable of forming more than one oxygen* acid, the 
most highly oxidtztd tompuund is the strongest ar«f.f 

On the other hand, reduction tends to reduce acid properties and to 
develop basic properties. The hydroxid in which chromium shows seven 
valences is the very strong perchromic acid. Hexavalent ehri>minm forms 
the strong chromic acid. Trivalent chromium hydroxid acts as a very 
weak ba.se. (See pages 191-195.) 

The very great difference in the properties of the compounds formed 
by an element in a highly oxidised condition and the properties of the 
compounds formed by the same element in a reduced condition must be 
constantly borne in mind in making an analyses. After treatment with 
strong oxidizing agents, manganese and chromium must be sought for 
among the acids. They will he found among the bases after the intro- 
duction of reducing agents. (See pages 263 and 265.) 

In many cases a reducing agent acts more efficiently in an allcaline 
solution than in the presence of an acid. For, as oxidation tends to de- 
crease the amount of free acid present by increasing the valence of 
metallic elements, thus giving them a greater power of combining with 
acidii (see page 44), so, conversely, reduction tends to develop free acid 
by decrea-sing the valence of metallic elements, lessening their power of 
combining with acid radicles and therefore setting acid free. 

The eommou substances which act as reducing agents in qualitative 
analy.sis are: 

Hydrocyanic acid, HCN 

Thiocyantc acid, IISCN 

Nitrous acid, HXOj 

Hydrochloric acid. HCl 

Hydrobromic acid, IIBr 

Hydriodic acid, HI 

Stannous salts — from the oxid Sn=;0 

Ferrous salts -- from the oxid Fe ^ 



Hydrogen 

Carljon 
Sulfur 

Alcohol, II„C,0 
Oxalic acid, IIjC^O, 
Tartaric acid, H^C^Ort 
Hydrosulfurie acid, II, S 
Sulfurous aeid, H^SOj 
Thiosnlfuric acid, H»S,0, 



• Aciila which do not contain oicygen are not included in this gpneraliiation, 

f The plpnient pho.ijilioruB offers an exception to the rule, phonjihofous acicl, a 

■compound of trivalent phosphoros, being stronger than the pcntavalent compound, 

phosphorie acid. 
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That these substances act as reducing agents is due to the fact that 
in the presence of oxidizing agents these compounds are not as stable 
as some more highly-oxidized forms. Consequently they take up as 
much OKygen as is necessary to convert them into compounds stable in 
the presence of oxidizing agents. One substance may not absorb the same 
amount of oxygen as another. For this reason the values of reducing 
agents vary considerably. The oxidation products depend somewhat 
upon the conditions of the experiment, consequently the efBcieney of a 
reducing agent may vary under different conditions. The reactions 
given helow indicate the amount of oxygen taken up by each substance 
under conditions which may be considered typical. 



Etdiicing agent 

Hydrogen (2 atoms), H^ 

Carbon (1 atom), C 

Carbon monoxid (1 mol.), CO 

Sulfur (1 atom), S 

Sulfur dioxid (1 mol.), SO, 

Nitrous acid fl mol.), HNO^. 

Hydrocyanic acid (1 mol.), HCN 

Stannous oxid (1 mol.), SnO 

Ferrous oxid (2 mols.), 2FeO 



The value as reducing agents of the other substances mentioned may 
be more clearly recognized by considering their decomposition products 
and the way in which they oxidize. Substances containing carbon, hy- 
drogen and oxygen usiially oxidize to water and carbon dioxid. Hence 
an amount of oxygen sufficient to convert any carbonaceous substance 
into HjO and CO, may be taken as the amount of oxygen each will 
absorb. 

Oxalic acid, HjCjO,, will decompose into H^O, CO, and CO. All of 
these comjMJunds are oxidized as completely as possible with the exception 
of CO. One molecule of oxalic acid i.s, therefore, equivalent to ICO. 

Tartaric acid, H„C<0„, may break down into 3HjiO + 3C0 + C. One 
molecule is, therefore, equivalent to 3C0 -f- C. 

One molecule of alcohol, H<,Cj0, is equivalent as a reducing agent 
to 2n, since after two hydrogen atoms have been oxidized away from 
each molecule, the residue, H^CjO, aldehyde, is volatile and is removed 
from the sphere of action. 

Hydrosulfiiric acid, H^S, may be broken down \vAjo 'JS. ^^i^"*!. "^\»sa&. 



Oxygen 




Compound 


taken up 




formed 


+ 


-^ 


H,0 


+ 


— * 


CO 


+ 


-^ 


CO, 


+ 20 


->. 


SO, 


+ 


-^ 


SO, 


+ 


~^ 


HNO, 


+ 


-» 


IICNO 


+ 


-^ 


SnO, 


+ 


-^ 


Fe,0, 



48 



QUALITATIVE! ANALYSIS. 



oxidized by permanganate, the sulfur is largely converted into SOj, but 
with other oxidizing agents the main reaction is the oxidation of the 
hydrogen, the aulfur not being attacked readily. 

Sulfurous acid, II2SO3, decomposes into HjjO and the acid anhydrid, 
SO,. 

Thiosulfuric acid, H^SjOj, will decompose into H3SO3 + S. Both 
the SOj and tiie S are readily oxidized to SO3. For the oxidizing action 
of iodin see page 189, 

Thiocyanic acid, HSCN, is equivalent to HCN + S, the sulfur 
being readily oxidized to SO,. 

Hydriodic acid, III, will decompose into H + 1. Iodin is not ordi- 
narily oxidized, since it is insoluble in water and volatile at 100°. 
Hydriodic acid is equivalent to IH, therefore. 

Similarly Hydrobromic acid, HBr, and Hydrochloric acid, HCl, 
are each eciuivalent to IH for each molecule of acid used. 

These facts may be better appreciated when arranged in the follow- 
ing table of etiuivalents : 



Hydriodic acid, HI, 


is equivalent to H 


Hydrobromic acid, HBr, 




H 


Hydrochloric acid, HCl, 




H 


Alcohol, HjC^O, 




2H 


HydroMulfuric acid, H^S, 




2H + S 


Sulfurous acid, H.SGj, 




SO, 


Thiosiilfuric acid, H^S^O,, 




SO,-|-S 


Thioeyanie acid, HSCN, 




HCN + S 


Oxalic acid, HjCjO,, 




CO 


Tartaric acid, H„C^Oa, 




3C0 + C 




From the table of oxygen equivalents of the various oxidizing agents 
it is seen that several diiiferent substances are of the same value, molecule 
for molecule. Two atoms of chlorin have the same oxidizing power 
as two atoms of iodin, since each is equivalent to one atom of oxygen. 
It is not to be inferred from this, however, that one substance gives as 
general satisfaction as an oxidizing agent as the other. Iodin is an 
inert element compared with chlorin, and while the latter, because of 
it^ greater chemical activity, will attack and oxidize almost any sub- 
stance, iodin has a very limited application, Chlorin ia, therefore, a 
much better oxidizing agent for general use than iodin. 

Similarly hydrochloric and hydriodic acids have the same values as 
reducing agents, one molecule of each Ijeing equivalent to one atom of 
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hydrogen. Hydrochloric acid, however, is a very stable compound and 
does not part with its hydroyen readily. Except in the presence of the 
very strongest oxidizing agents, hydroiihloric acid shows no reducing 
propertie-s at all. Ilydriodie acid, on the other hand, gives up its hy- 
drogen with especially great readiness. Hence hydriodic acid is a much 
better reducing agent for ordinary purposes than hydrochloric aeid. 

iVfuch of the value of oxidizing and reducing agents depends on 
factors other than their oxygen or hydrogen equivalents. Chief among 
these factors are the chemical activity and stability of the substances. 
Bodies which readily decompose into active decomposition products will 
ie the best oxidizing and reducing agents. Substances of this character 
are known as strong reagents. Nitric, dichromic, permanganic and 
chloric acids together with chlorin and bromin are strong oxidizing agents 
while iodin is especially weak. Nascent hydrogen, hydrogen sulfid, 
hydriodic and sulfurous acids are strong reducing agents while hydro- 
bromic acid and alcohol are weak. 

By reference to the tables of values already given, the relative 
amounts of oxidizing and reducing agents which will interact may be 
determined. As an illustration of their use, let the equation for the 
oxidation of oxalic acid by permaug'anate in acid solution be required. 
Two molecules of permanganic acid are equivalent to five atoms of 
oxygen. Each molecule of oxalic acid is equivalent to one molecule of 
carbon nionoxid which will absorb one atom of oxygen and become 
carbon dioxid. Therefore, five molecules of oxalic acid will be oxidized 
by two molecules of permanganic acid. The essential reaction is: 

SCO + Mn^O, -» 5C0, + 2MnO 

The reaction may be completed by further consultation of the tables 
and the application of the general principles of chemistry. Tn.stead of 
the equivalent CO, HjCjO^ will appear on the left side which will intro- 
duce on the right side lllj.0 + ICOj, additional for each molecule of ox- 
alic acid which is oxidized. In the presence of acid MnO will dissolve 
and form a salt, hence if n^SO^ be the acid present, enough of it must 
appear in the reaction to uuite with the JlnO. The complete reaction 
becomes, then : 

5n,C,0, + 2HMnO, + 2H,S0, -* lOCO^ + SH^O + 2arnS0, 



If potassium permanganate is used instead of permanganic acid, as is 
usually the case, additional sulfuric acid must a^^iKt vo. "Cbs. i»)^»&sK«t 
5 
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sufficient to unite with the potassium oxid present, for 2KMn04 is equiva- 
lent to KjO -|- MujO,. One molecule of sulfuric acid will be needed for 
this puriMse which will form potassium sulfate and water. Using potas- 
sium permanganate the complete reaction becomes : . 

5HjC,0, + 2KMnO, + 3H,S0, -* lOCOj + 811,0 + 2MnS0, + K,SO, 

The interaction between dichromic acid and hydrogen sulfid may be 
readily expressed by an equation when it is knowTi that dichromic acid 
does not carry the oxidation any farther than water and free sulfur. 
IIjS is equivalent to 2H + S. If S is not oxidized further, HjS becomes 
equivalent to 211. Two molecules of chromic anhydrid are equivalent 
to one molecule of the basic chromium trioxid, CrjO^, +30. Since 2H 
unite with 10, the essential reaction is: 

2CrO, + 3ff,S -^ Ct.O, + SH^O + 3S 

If the reaction takes place in a solution of dilute hydrochloric acid, as is 
usually the case, the complete reaction becomes : 

HjCr^O, + 3H,S + 6HC1 -^ 2CrCl, + 7H,0 -f 3S 

One of the common reactions of qualitative analysis is the oxidation 
of arsenic sulfld, As.S., with nitric acid. Since this substance is not 
soluble in water or acids, it is necessarj' to oxidize it to get it into solu- 
tion. The reaction, 

As,0, + 5H,S -^ A3,S„ + 5n,0 

shows arsenic sulfid to be a salt of hydrogen sulfid. In this compound 
arsenic shows its highest valence and can not he oxidized further. The 
oxidation of As^Sj is, therefore, the oxidation of II^S alone. Under the 
conditions of the experiment much of the sulfur remaiu.s unoxidized; 
hence HjS is here equivalent as a reducing agent to 2H. 511,8 will 



require 50. 
therefore : 



N,0, 



is equivalent to 30. The essential equation is, 



5Nj,0, 4- {3 X 5 = 15)ff„S^5.Y„0, + 15S + 15IL0 

Completing the reaction, we have ; 

(5X2=:10)HNO, + 3^s,S,-f-{3x5 = 15)n,O^ 

5.V,0j -f 153 -f 3As,0, + 20H,O 




Since, however, 15IL0 or more appears on both sides of the equation, 
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this quantity may be substraeted from each side and the equation sim- 
plified as follows: 

lOONO, + dAsM, -» 5N,0^ + 15S + SAsA + 5H,0 

Many of the oxidation and reduction reactions applied iu qualita- 
tive analysis take place in water solutions, hence are ionic reactions, 
Ionic equations nmy be readily written to express them. For the inter- 
action of oxalic acid with permanganate : 

2K + 2jfnO^-f {5X2 = 10)H + 5C7o,+ (3 X2 = 6)H + 3S0, ^ 

2Mn -!- 2K + 380, + lOCO^ + 8Hj,0 

By collecting common terms and eliminating common factors from both 
sides, the equation becomes the simplest expression for the reaction. 

2MnO, -f 5C70. -f 1611 -* 2Mn + lOCO^ + SH^O 
For dichromic and hydrosulfuric acids the equation is: 

2H-f Cr^O,+ {3x2 = 6)H-f 3S + 6H + 6"C1-^ 
The simplified expression is: 

Cf;0, + 3S + 14H ^ 2Ci -f 3S + 7H,0 
For nitric acid and arsenic pentasulfid the equation is : 

lOH + lONOj -f 3As,S5 -♦ 5A^0, -f 15S + SH^O 

All of these equations show the disappearance of hydrogen iona 
during oxidation reactions. The following ionic equations show the 
decrease in hydroxyl ions during reduction; 

Sli + 2H— +2 OH^Sn + aHjO 
2Pe -I- II^S + 2 Oil -»■ 2Fe + S + 2H,0 

In qualitative analysis these elements are not ordinarily reduced 
in alkaline solution but rather in acid. Under these conditions reduction 
causes the production of hydrogen ions which maj" be considered equiva- 
lent to a decrease in hydroxyl ions since on neutralizatvciM ^a.'&t Sisasise- 



2Cr + 6C1 -I- 3S + 7H,0 
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pears. The follo\ring equations indicate the nature of tlie reduction 
process in acid solutious: 

SS + 4C1 + 2H— -» Sti + 4C1 + 2H 

Striking from each side of the equation the common term 4C1, the 
expression becomes: 

Sii'+2H— -^ Sn + 2H 

Ferric irou reduced by hydrogen sulfid in acid solution may be repre- 
sented as follows: 

2Fe + H^S -^ 2Fe + 2H + S 

These equations indicate clearly that in solutions of salts of the 
metals the essential feature of oxidation is an increase in the positive 
charge on the kathions, Keduction correspondingly reduces this charge. 
The only difference between iron in the ferric state and iron in the 
errous state is that ferric ions have three unit charges while ferrous 
ions carry only two charges. The difference between a charge of four 
plus units and two plus units is the difference between stannic and 
stannoiis ions. 

The interaction of oxidizing and reducing agents may be made to 
take place in the " dry way " by the application of heat. Reducing sub- 
stances, such as tartaric and oxalic acids and other carbonaceous matter 
which interferes with the systematic analysis, are usually oxidized and 
burned up completely by fusion with ammonium, potassium or other salt 
of nitric acid. Other oxidizable substances, if present, are oxidized as 
well. Sulfids are changed to sulfates, chromium compounds to chro- 
mates and manganese salts to the green mangauates, (See page 263.) 

Many substances may be oxidized by heating in the air, especially if 
heated in the flame of a blowpipe. If ordinary ilhmiinating gas, con- 
sisting essentially of hydrogen and carbon combined iu various ways, 
be mixed with air as it emerges from the burner, complete combustion 
to carbon dioxid and water will ensue and the flame will be colorless. The 
flame from a blowpipe or Bunsen burner is of this character. Such a 
flame consists of three zones. An inner cone of unburned gas mixed 
with air is separated from the distinctly visible intermediate zone of 
blue flame by the surface where ignition begins. The hydrogen con- 
stituent of the gas burn.'^ immediately to water. Carbon burns first to 
carbon monoxid which at high temperatures is a strong reducing 
agent. Because of the presence of this substance, many oxids held in 
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this intermediate zone are reduced, hence this portion is known as the 
reducing 3ame. Just beyond the tip of the distinct blue cone the tem- 
perature is* highest and the beat reduction effects are obtained here. 

Carbon monoxid bums to carbon dioxid with a flame of character- 
istic blue color. The products of combustion, water and carbon dioxid, 
constitute the outer, scarcely visible zone of the flame. While still very 
hot these gases become mixed with oxygen from the air. Since oxygen 
at high temperatures is a veiy active agent, oxidation takes place very 
readily in this outer zone which is known as the oxidizing flame. Just 
beyond the point of the visible flame oxidation takes place most rapidly. 

By heating a small particle of a substance before the blowpipe in 
the proper position in the flame, either oxidation or reduction may be 
effected. To obtain a satisfactoiy blowpipe flame the supply of air 
and gas entering a Bunsen burner should be cut down until a luminous 
flame not more than one inch high is obtained. By directing the blow- 
pipe across the top of the burner and blowing gently yet steadily, a flame 
may be obtained in which the zones will be deflnitely separated and sat- 
isfactoiy results obtained. 



PEELIMINART EXAMHTATION. 

By the application of heat many solids exhibit phenomena so char- 
acteristic as to furnish evidence as to their nature. Consequently a 
series of very simple tests which may be quickh' performed has been 
arranged in the hope that, by such a preliminary examination, informa- 
tion of value in the systematic analysis may be obtained. If the sab- 
stance be homogeneous and fairly simple, a preliminary examination alone 
may be sujiicient to determine its identity, The methods ordinarily used 
in making a preliminarj' examination are: (o) heating in a closed-tube, 
(fc) heating ^vith concentrated sulfuric acid, {c) beating on charcoal, (d) 
heating in a borax bead, (c) heating on a platinum wire in a Bunsen 
flame. 

(o) Heating in a closed-tube consists in heating over a Bunsen burner 
a small amount of the substance under examination in a small tube of 
hard glass closed at one end. The object of the tube is to prevent as far 
as possible the oxidizing influence of the air in order that a reaction due 
to increase of temperature alone may be obser^'ed. 

Under these conditions easily fusible substances melt and may often 
be volatilized completely, sometimes giving off verj' characteri.stie odors. 
Other substances do not melt under ordinary atmospheric pressure, hvA. 
pass immediately into the gaseous state. SwcVv sofe%\wic«5, littfe ^k^^ '^ 
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sublime. On eooling, the vapors condense to the solid form without pa 
iritr through the intermediate liquid condition. Where it may be satis- 
faetorily applied, sublimation offers an easy method of purification from 
non-volatile impuritie-s. 

JIany diffieultly fusible substances suffer a change in color on being 
heated, which in some ca-ses is very characteristic. 

Many substances suffer decomposition by heating before they become' 
volatile or in some cases even before melting. Reactions in which certain 
of the decomposition products are volatile under the conditions of the 
experiment are most likely to take place, since a reversal of the reaction 
is prevented by the removal of the volatile constituents as fast as they 
are formed. Water, being ver\' volatile, is one of the commonest decom- 
position products of high temperature reactions. 

When heated sufficiently high, all bases lose water and form oxids 
of the metals which are generally quite stable and are not further 
decomposed. 

Acids decompose into water and the anhydrid generally. Some 
anhydrids are vcri,' stable. Others are readily decomposed and break 
down still further. 

As a rule, salts decompose into acid anhydrids and oxids of the 
metals. 

In general, the more stable the acid is, the more stable will the 
saJts be. Hypociiloruus, nitrous, carbonic and sulfurous acids are all 
unstable at ordinary temperatures. At higher temperatures their salts 
are correspondingly unstable. Nitric, chloric and sulfuric acids are 
more stable than the last mentioned acids and their salts require corre- 
l spondjngly higher temperatures to decompose them. Finally, boric and • 
phosphoric acids are very stable bodies and their salts are more resistant 
than others. 

The salts of a given acid with the various metals possess varying de- 
grees of stability. The most stable salts are formed by the most strongly 
basic elements. To illustrate, the carbonates of ferric iron, chromium, 
tin, arsenic and antimony are not known since they are unstable at 
ordinary temperatures. The carbonates of mercury, copper, lead, mag- 
nesium and calcium show increasing stability, but they are all decom- 
posed at a dull red heat. Strontium and barium carbonates require the 
highest temperature of the Bun.sen flame while the carbonates of the 
alkali metals are undeeomposed even at this temperature. 

None of the oxids of the metals are particularly volatile, hence am- 
monia is the only basic .salt-forming substance driven off by the heat of 
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a BiinsfU burner.* Most of the acid anhydrids are volatile at this 
temperature, silicic, boric and phosphoric anhydrids being the excep- 
tions. Therefore, silicates, borates and phosphates generally are among 
the ino.«)t stable substances at high temperatures, since neither acid uor 
ba.sie oxid is volatile. 

When an acid anhydrid is unstable and decomposes further, the de- 
composition temperatures of its salts do not show the wide variation 
noticed with the carbonates where the acid anhydrid is volatile only. All 
nitrates decompose readily at about the same tenipernture into a metallic 
oxid and the acid anhydrid, N^Oj. The latter undergoes further decom- 
position in the manner set forth on page 150. 

Fluorids, chlorids, bromids and iodids are very Stable, although some 
salts are quite volatile. 

The decomposition of the salts of cyanogen acids depends consider- 
ably on the nature of the metallic element present and will be treated 
in detail under appropriate headinfrs when necessary. 

Non-volatile organic salts and acids generally suffer far-reaching 
decompositions when heated, resulting in the separation of more or less 
free carbon. Thi.s process is known a.s charring or carbonization. 

Certain of these phenomena are often ohsei'ved by heating in a closed- 
tube. The characteristic changes and their significations are given 
on pages 243 and 244. 

{b) By heating with concentrated sulfuric add in a test-tube, decom- 
positions analogous to those considered are brought about. Such reac- 
tions take place more rapidly and at lower temperatures in the presence 
of the acid than without this reagent. Decomposition products are fre- 
quently liberated which are easily recognized and afford indications as to 
the composition of the substances so treated. For characteristic de- 
eomposition.s see pages 245. 

(e) Heating on charcoal may be any one of three processes, depending 
on the nature of the substance and the conditions of the experiments. 
(1) If the substance be not reactive at high temperature.s, any change 
observed will probably be physical. Fusion, volatilization, change of 
color, formation of a sublimate condensing on the charcoal at a distance 
from the flame, all may be obsen'ed. (2) If the charcoal be simply used 
as a -support, the substance may be oxidized. (:i) If the substance is 
mixed with sodium carbonate, u.sed as a flux and to protect from the action 
of the air, the charcoal may exert a reducing action, especially if some of 

• Mercuric oiid may be decomposed and then volatiliaied by the heat at *. "^.tKoaiEVk 
flame. 
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it is finely powdered and mixed with the sodium carbonate. From basic 
oxids certain of the metals may be separated in this way. Characteristic 
phenomena and their indications may be found on pages 246 and 247. 

(d) Heating in a borax-bead before the blowpipe is a liigh tempera- 
ture reaction frequently productive of very characteristic colors. On 
being heated, borax, NajB^Oj.lOHjO, intumesces and loses its water 
of crystallization. It then fuses to a clear, colorless gla-ss which has the 
power of dis.solving metallic oxids. Borax may be considered as a com- 
pound of two molecules of sodium metaborate, NaBO,, with one molecule 
of boric acid anhydrid, B,Oj, the combination being so unstable under 
certain conditions that it readily breaks down into these components. 
There is, therefore, such a predominance of the acid con.stituent that 
when borax is heated with metallic oxids, the acid anhydrid unites with 
them to form nietaborates of the metals. The reaction with cobalt is 
typical. 

Na.,B,0, -f- CoO -^ 2NaB0, + Co(BO,)s 

The metaborates of certain of the heavy metals are veiy intensely col- 
ored, a mere trace of the oxid, or of a substance capable of breaking 
down into the oxid under the conditions of the experiment, being dis- 
tinctly indicated by the borax bead test. The characteristic colors de- 
veloped are given on page 247. 

(e) The heat of the Bunsen flame is sufficient to volatilize the com- 
pounds of certain metals and to cause momentary decomposition, in some 
cases into the free metal. In this condition, many salts produce a dis- 
tinct coloration of the Bunsen flame which is characteristic of the 
metallic component. (See page 245.) 

Of the common salts chlorids dissociate most readily, hence it is 
advisable to moisten with hydrochloric acid a small portion of the 
finely powdered substance. The paste may be inserted in a small loop of 
platinum wire and heated just beyond the blue cone in a Bunsen flame. 

The coloration produced by certain metals is so intense that the 
merest trace of their salts is sufficient to indicate their presence. Hence 
it is necessary that the phitinum wire should be very clean. A satis- 
factory method of cleaning a platinum wire from anything which may 
contaminate it is to make a small borax bead and cause it to pass along 
the wire by holding it in such a position in the flame that the bead is 
heated on one side only. Under these conditions the bead will travel 
away from the flame along the wire and dissolve anj-thing that may be 
present. By driving the bead to the end of the wire and beating strongly 
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for a moment, the bead may be thrown off by a sharp jerk, leaving the 
wire free from everything except a small amount of borax. This may 
be removed by alternately dipping the wire in pure, dilute hydrochloric 
acid and heating until the sodium color is no longer evident. 

The color produced by insignificant amounts of sodium is so 
intense as to mask very completely the indication gfiven by relatively large 
amounts of potas-sium. For this reason the detection of potassium in the 
presence of sodium becomes difficult to the imaided eye. By the speetro- 
Biiope each may be detected in the presence of the other, since each is indi- 
cated by separate and distinct line.<j. Without the spectroscope it is 
necessary to cut out the sodiiun indication by something which will 
absorb the yellow rays of light produced by it and at the same time trans- 
mit- the blue rays produced by potassium. 

The most satisfactory method of accomplishing this point is by 
the use of a bottle filled with blue dye of such strength that a strong 
sodium flame is invisible when viewed through this solution. This 
apparatus is known as a potassioscope. "With its aid traces of potassium 
may be detected in the presence of quantities of sodium. By suitably 
choosing the dye, not only the sodium flame, but also the indication given 
by all other common elements except potassium may be absorbed aod 
thus all possible confusion avoided. (See page 319.) 



WEIGHTS AND MEASURES 

The atoms and molecules which enter into and constitute chemical 
substances have different relative weights wluch may be ascertained read- 
ily. The weight of the atom of hydrogen is taken as ike unit for com- 
parison and the atomic weight of hydrogen is said to be 1. That num- 
ber is taken as the weight of any other atom which tells how many times 
heavier it is than the hydrogen atom ; thus oxygen is 16, sodium 23, sulfur 
32 and chlorin 35.5. The atomic weights of the elements are given on 
page 324, 

The weight of the molecule is equal to the sum of the weights of the 
atoms in it ; thus the molecular weight of NaCl is 58.5 ; NajSO^ is 142. 

When one gram of any substance is taken for each unit in its 
molecular weight, this amount is called a gram-molecule. Thus 40 grams 
of NaOH constitutes a gram-molecule, for, since the atomic weight 
of sodium is 23, of oxygen 16, and of hydrogen 1, there are 40 units in 
the molecular weight. In the gram-molecule of NaOH there are 23 grams 
of sodium, 16 grams of oxygen and 1 gram of hydrogen. Since the. 
molecular weight of HoSO^ is 98, iu the gtatu-moXfecxJJtft o\ «ol&.\iXs.'i 's^'^-*^ 
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there are 32 grams of sulfur, 64 grains of oxygen and 2 grams of hydro- 
gen, making 98 grams in all. 

Solutiona containing a gram-molecule of a substance in a liter of 
eolation are called gfram-molecular solutions. In a gram-molecule of 
all s^ibstances there is the name number of molecules and in equal volumes 
of gram-molecular solutions there is the same number of molecules. 

A molecule of one substance reacts usually with a single molecule 
of another substance or with some simple multiple of this proportion, as 
1 : 2, 1 : 3, 1 : 4, 2 : 3, and similar ratios. Consequently one gram-molecule 
'of one substance reacts with a single gram-molecule of another substance 
or with some simple multiple of this ratio. Thus 1 gram-moleeule of the 
monoacid base, XaOH, is ju.st suflleient to neutralize 1 gram-molecule of 
the monobasic acid, HCl. One gram-molecule of the dibasic acid, H^SO^, 
will require 2 gram-molecules of the monoacid base, NaOH, to neutralize 
it or 1 gram-molecule of the diacid base, Ca(OH),. 

In a gram-molecule of any monobasic acid there i-s one gram of 
hydrogen capable of passing into the ionic condition and of being re- 
placed by metal in t!ie formation of salts. In a gram-molecule of any 
dibasic acid there are two grams of this hydrogen while a tribasic or 
tetrabasic acid contains three or four grams. One-half a gram-moleeule 
of any dibasic acid contains as much hydrogen capable of passing into 
the ionic condition as a gram-molecule of any monobasic acid and is 
therefore equivalent to it as an acid. Similarly one-third of a gram- 
moleeule of a tribasic acid and one-quarter of a gram-molecule of a 
tetrabasic aeid arc equivalent to a gram-molecule of any monobasic acid. 

One gram-molecule of a monoacid base is just sufficient to completely 
neutralize one gram-molecule of a monobasic acid, hence the two quanti- 
ties may be said to be equivalent. One equivalent of salt is formed by 
the union of one equivalent of acid and of base. One-half of a gram- 
moleeuie of a diacid base, one-third a gram-molecule of a triacid base 
and one-fourth of a gram-molecule of a tetraeid base are equivalent to 
one gram-molecule of a monoacid base. 

In this way a system of equivalents has been developed such that 
an equivalent of any substance is just sufficient to react completely with 
an equivalent of any other substance. That amount is taken as the 
equivalent of any substance ivhich icill combine with or take the place 
of one gram of hydrogen. Thus 35.5 grams of chlorin unite with 1 gram 
of hydrogen to form 36.5 grams of hydrogen t;alorid. Therefore 35.5 
grams of chlorin and 36.5 grams of hydrogen chlorid are the equivalents 
of 1 gram of hydrogen. 35,5 grams of chlorin may be replaced by 17 
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m grams of hydroxyl, OH, to form water. 17 grams of the OH radicle is 

■ the equivalent of 1 gram of hydrogen. 1 gram of hydrogen may be 

■ replaced by 23 grams of sodium or 39 grams of potassium or 108 grams 
I of silver, henee these amounts are all equivalents. 

40 grams of ealeium unite with 71 grams of chloriu. Since 35.5 
grams of chlorin are e(|uivalent to 1 gram of hydrogen, 71 grams are 2 
equivalents. Then 40 grams of calcium is 2 equivalents also, and 20 
grams of ealciiun is the equivalent of 1 gram of hydrogen. 

In this way the values of the equivalents of each element and com- 
pound may be determined. In yi'itira!, the equivalent of an acid or base 
equals the gram-molecule divided by the basicity or acidity of the 
compound. The equivalent of an element is equal to the atomic iveight 
divided by the valence. The equivalent of any compound is that part 
of a gram-molecule which contains one equivalent of the active agent. 

By the term active agent is understood that particular constituent o£^ 
the compound which is the essential factor in the reaction under con- 
sideration. A compound containing several different elements in differ- 
ent proportions may be considered from the standpoint of each element 
in different reactions, hence its equivalent may vary. Potassium per- 
manganate, KiMnO,, may act as a potassium salt. Under these con- 
ditions potassium is the essential factor. 39 grams of pota-ssium are 
contained in 158 grams of permanganate and the gram-molecule would 
be the equivalent under these circumstances. Again, the compound may 
be used as a source for the divalent Mn ion. ^langanese has an atomic 
weight of 55, hence its ecjuivalent is 27.5 grams. Since the equivalent 
of manganese is contained in 79 grams of permanganate, the equivalent 
of permanganate regarded as a source for Mu ions is one-half the gram- 
molecule. On the other hand, from one gram-molecule of KllnO, 40 
grams of o.\ygen are readily liberated. Since 8 grams of oxygen unite 
with 1 gram of hydrogen, 40 gram.s of oxygen is 5 equivalents. Con- 
sidering oxygen as the active agent, one-fifth of a gram-molecule of per- 
manganate is the equivalent of 1 gram of hydrogen. 

If a solution be made of such strength that in a litre of sohttion there 
is one equivalent of soUite, it is known as a normal solution. Solutions] 
of this strength are designated by the capital letter N; of twice this 
strength by 2N ; of ten times this strength by ION ; one-half or one-tenth 
this .strength by N/2 or N/10. Equal volumes of normal solutions are 
just sufficient to react together completely. Thus 1 liter N NaOH or 
KOH or Ca(On); will just neutralize 1 liter of N H.SO, or IINO^Qit 
HCl. 1 ecm, N NaCl solution will coTO\Ae\.fc\'s \iTesive\'ua.\S!, ^- <sk«^- ^^^ 
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AgNO, solution. 10 cem. 2N NajCO, is just sufficient to react completely 
with 200 com. N/10 CaCl, solution. 

For purposes of convenience in handling, laboratory reagents are 
generally* made up according to this method. The strengths of the 
ordinary reagents suitable for qualitative analysis are given on pages 
313-320, also directions for preparing these solutions. 



PART II 



DESCRIPTIVE 



The Classlflcation of the Elements, 

• 

A detailed study of the elements and of the principal compounds 
formed by each reveals the fact that, while any given element is very 
unlike most others in nature and properties, it does show very close and 
striking similarity to a few of them. If a systematic consideration of 
the elements be taken up in the order of their increasing atomic weights, 
hydrogen being excluded since it does not resemble any other elementary 
substance, we begin with the rare element, helium, At. Wt. 4. This is 
chiefly remarkable for its inertness. No compounds of it are knowTi. 
Since it does not seem to have the power to iinite with other elements, 
its valence may be said to be zero. The second element is lithium, At. 
Wt. 7, a typical metal, forming many compounds in which it shows a 
valence of one. Its hydroxid acts as a very strong base. The third 
element is beryllium, At. Wt. 9, a divalent metal, uniting readily with 
other elements. Its hydroxid acts as a base, but it is not as strong as 
lithium hydroxid. Trivalent boron, with At. Wt. 11, is the fourth 
element. Here metallic properties have fallen off verj* materially while 
the characteristics of non-metallic, acid-forming elements begin to ap- 
pear. Tetravalent carbon. At, Wt. 12, is the next element, showing 
acid-forming rather than base-forming properties. Next in order comes 
nitrogen, At. Wt, 14, It is a typical non-metallic element, forming com- 
pounds in which valences of three or five are shown. Oxygen, At. Wt. 
16, next in order, poasesaea strong non-metallic properties and exhibits 
a valence of two (possibly four or six) in its compounds. Fluorln, 
At, Wt, 19, is the most non-metallic of all elements, forming compounds 
in which a valence of one is characteristic. 

Although the atomic weights of these substances are not widely differ- 
ent, no one of the elements can be considered as resembling any of the 
others, and, while the properties of fluorin and lithium seem to be as 
different as is possible, yet, considering the whole series just mentioned, 
only a gradual change from the one to the other is to be noted. 

Continuing the list, the next element is neon. At. Wt. 20, remarkably 
inert, forming no compounds and resembling helium so closely as to 
make a separation of them exceedingly difficult. The ne.xt member, 
sodium. At. Wt. 23, is a typical univalent metal. Its hydroxid is one of 
the strongest bases and, in everj' way, it resembles lithium very closely. 
Magnesium, At. Wt. 24, is a divalent metal resembling beryllium. 
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Aluminum, At. Wt. 27, is trivalent and analogous to boron, while silicon. 
At. Wt. 28, is tetravalent and like carbon. Phosphorus, At. Wt. 31, 
duplicates most of the compounds of nitrogen. Sulfur, At, Wt. 32, re- 
sembles oxygen and shows generally a valence of two or six. Chlorio, 
At, Wt. 35, possesses non-metallic properties in a very high degree, forms 
several of the strongest acids and shows, among others, characteristic 
valences of one and seven. 

Considering the members of what may be termed this second series, 
we note similarity so close as to seem almost a duplication of the proper- 
ties of the first series. The same change from strongly metallic to de- 
cidedly non-metallic properties, accomplished by a gradual gradation 
through intervening elements, is observed. No member of this series can 
be said to be like any other member, yet each is- very like the correspon- 
ding member of the first series. 

Continuing the consideration of the elements, the same variation and 
similarities are observed, for argon is like neon and helium, potassium 
like sodium and lithium, calcium like magnesium and berjilium, ect. 
In short, if the elements be arranged in series according to their increas- 
ing atomic weights, spaces being left in some instances for hypothetical 
elements as yet undiscovered, the elements will be found to arrange them- 
selves in groups, each group containing elements which possess similar 
properties. From this it would seem that the properties of the element.? 
depend in some way upon their atomic weights. An increa.se in atomic 
weight at first produces entirely different properties, but, after a period, 
gives rise to properties closely resembling those previously noted. 

As fin<t enunciated by Mendeleeff, this generalization, known as the 
Periodic Law, states that the properties of the elements are periodic func- 
tions of tlieir atomic weights. That is, that the properties of the elements 
depend primarily on their atomic weights and that, when arranged in 
the order of their increasing atomic weights, elements of a certain type 
occur periodically. 

The Periodic System is a method of classification arranging the ele- 
ments info group-s sueli that the members of each gi-oup show great chem- 
ical similarity to each other. At the top of each group as given in the 
chart, the principal valences of the elements in the group are shown by 
tj'pical formulae, R standing for any element belonging to the group. 
The increase in valence from zero to four and the subsequent decrease in 
valence toward hydrogen is shown by the formulae for hydrogen com- 
pounds, while the steady increase in valence toward oxygen is indicated 
by the formulae for oxids. 
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Bulei. 


Group 0. 


Group 1. 
Rti 
K.0 


Grnuu 2. 
Kit, 
KO 


Group S. 


Group i, 
HO. 


I 
2 
3 
4 
5 
6 
7 
8 


He 4 

Ne 20 
Ar 40» 

Kr 82 

Xe 128 


Li 7 
Na 23 
K 39 

03 Cu 
Rb 85 

108 Ag 
Cs 133 


Be 9 

Mg 24 
Ca 40 

65 Zn 
Sr 88 

112 Cd 
Ba 137 


B 11 

Al 27 
S=c 44 

70 Ga 
Yt 89 

115 In 
La 1;J9 


C 12 

Si 28 
Ti 48 
72 Ge 

Zr SI 
119 Sn 

Ce 140 


9 
10 
11 





187 Au 


200 Hft 
IU225 


204 Tl 


207 Pb 
Th232 



Certain Tery rare substances, at jtresent thought to be elementary in character, 
weights, approximately determined, arc: Prfl9cu(]yiuimn^l40-, Neodymium — 144; 
Ytterbium — 173. * Probably incorrectly determined. 



In a general waj', each one of the groups of the periodic system may 
be said to possess certain group properties which are characteristic of 
each member in the group. Chief among these are the valence and the 
general character of the elements ; t. e., do the elements in any particular 
group act normally as strong acid-formers or strong base-formerSj or are 
they of an intermediate nature J 

Within each group, however, certain gradations are to be noted. 
The most important of these is the fact that as the atomic weight of the 
elements in any partieidar group increases, non-metallic properties grow 
less, while metallic properties increase. This holds true for all groups 
whether they be of a general acid-forming, base-forming or neutral 
character. Thus, in the strong base-forming group caesium, At. Wt. 
133, is more metallic than lithium. At. Wt. 7. In the decidedly non- 
metallic halogen group, fluorin, At. Wt. 19, shows this non-metallic 
character in a much greater degree than does iodin, At. Wt. 127. In the 
intermediate fifth group, nitrogen, At. Wt. 14, is a typical acid-forming 
element while bismuth. At. Wt. 209, is typically metallic and a weak 
base-forming element. 

As the atomic weight of the elements rises above fifty, a differentiation 
of the elements in each group according to two types is to be noted, and, 
while both types generally possess the group characteristics, they dearly 
differ from each other in many ways. Thus, in the sixth group, chro- 
mium, molybdenum, tungsten and uranium are quite different from 
oxygen, sulfur, selenium and tellurium, although all these elements may 
with propriety be claaaed in one group. 




Are not pia<»(l in the table because of iusufflcient data. Tbeir names aud atooiie 
Sanmrium— 150; Gfttloliniam— 156; Terbium— 160 ; Erbium— 166; Thulium— 171; 
• Probably incorrectly determined. 

In accordance with the cla.ssifteatiwi afforded hy the Periodic System, 
the more common ly-occurrii]g elements will be considered in detail. 

Group 0. 
Helium 4; Neon 20; Argon 39.9; Krypton 81.8; Xenon 128. 
Of the subsrtances included in this grtrnp, argon only is at all common. 
It occurs in the atmosphere to the extent of about one per cent, along' 
with all the other members of this group, the latter being present in 
exceedingly minute quantities. All are gaaeons and are characteriz 
chiefly by their lack of chemical activity. Since it has not been found* 
possible to make any of them enter into combination with any other 
substance, they may be said to have a valence of zero. Only one type of 
element within this group has been discovered. Because of their rarity 
and lack of eomjiounds, these elements will not be considered in detail. 

Group 1 ; First Type. 

Lithium 7; Sodium 23; Potassium 39.2; Rubidium 85.5; 

Caesium i:V2.9; Ammonium. 

This group of alkali metals, as they are called, are soft, light, lustrous 
substances, possessing metallic properties in a marked degree. They are 
exceedingly reactive, tarnishing in the air and decomposing water with 
the liberation of hydrogen and the formation of hydroxids w^hieh are the 
strongest of bases. Their eomimuids are generally white in color and 
very soluble, and the group is to be remembered as the only oiift fe'pssKo.'*, 
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soluble carbonates and phosphates. Unlike all other groups, the hydros- 
ids and carbonates of these elements are not decomposed by heat and the 
only acid carbonates, known in the solid state, are those of the alkali 
metals. So closely do the diiferent elements resemble each other that 
separations are oftentimes diflficult. Heated in a Bunsen flame, however, 
their compounds produce very characteristic colors by which the ele- 
ments may be detected and differentiated. 

Ammonium hydroxid is known as the "volatile alkali" in di.stinction 
from the other "fixed alkalies," i*. c, nou -volatile alkalies, just meu- 
tioned. Because its compounds possess properties very similar to those 
of potas-sium compounds, it will be considered along with these elements. 

Because of the great solubility of the salts of the alkali metals, they 
are much used to introduce various anions into solutions containing 
the ions of other metals, for the purpose of bringing about reactions. 

Rubidium and caesium are very rare and will not he considered 
in detail. 

LITHIUM. Li — 7. 

Lithium is a silver-white metal. It is the lightest of all solid sub- 
stances and will float on the surface of petroleum and most other liquids 
which might be used to protect it from the action of the atmosphere. It 
resembles sodium {see page 67) so closely in all of its properties that a 
detailed description is unnecessary'. 

Lithium salts are generally white and, with the exception of the 
carbonate and phosphate, are readily soluble. They color a Bunsen flame 
carmine-red and may be detected with the spectroscope by a strong red 
Jine to the left of the sodium line. (See frontispiece.) 

The only lithium ion known is Li, for the reactions of which any aol- 
Tible salt will serve. 

The carbonate ion, CO.,, precijiitates, from concentrated solutions 
only, white Li. CO;, which is soluble in about 125 parts of H^O. 

The phosphate ion, P0„ precipitates from fairly concentrated solu- 
tions LijPO, which is soluble in alwut 2500 parts of H.O. It readily 
forms supersaturated solutions from which precipitation is slow. That 
normal lithium phosphate may be precipitated from solution while the 
normal phosphates of the other alkali metals are hydrolyzed, is due to 
the fact that lithium is somewhat less basic than the other members of 
this group and its phosphates are much less sohible. 
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SODIUM (Natrium K Na — 23. 

Sodium is a light, silver-white, soft metal. It \s acted upon rapidly 
by the atmosphere, due chietiy to the water-vapor present, and reciuires 
to be kept under petroleum or some other liquid which does not attack 
it and wilt protect it frora the air. 

Heated in the air sodium burns with an intensely yellow flame, not to 
the oxid, NsjO, but to the peroxid, NbjOj, a heavy straw-colored powder. 
When throivn into water it reacts violently according to the equation: 

Na,0, -f H,0 -^ 2NaOH + H,Oj 

Sodium peroxid in water is equivalent, therefore, to hydrogen per- 
oxid in an alkaline solution. 

Sodium acts as one of the strongest basse-forming elements. It is 
violently attacked by all acids, the concentration of 11 ions due to pure 
water being sufficient to cause a very vigorous action at ordinary tem- 
peratures. Hydrogen gas is liberated and sodium hydroxid formed, 
according to the equation : 

2Na + 2non -^ 2NaOH + i7. 



or wTiting an ionic equation : 



2Na + 2H + 2 OH ^ 2Na + 2 OH + n^ 

This reaction shows that water acts in this case as a typical acid. 
(See page 29.) It may be regarded, therefore, as the weakest of all 
acids, the metallic hydroxids being its salts. 

So much energy is liberated when the metal passes into the ionic 
condition that its compounds are among the most stable salts known. 
They can be redticed to the metal in the "dry way" only and at an ex- 
pense of considerable energy. 

Sodium salts are generally colorless and, with the exception of a few 
of infrequent occurrence, are readily soluble. 

Sodium salts color a Bunsen flame an intense yellow. In the spec- 
troscope, sodium is indicated by a bright yellow line. (See frontispiece.) 
This reaction is so delicate that one-millionth of a milligram may be 
I readily defected. Hence the sodium line is omnipresent and for this 
I reason is used in loeatiti"- the position of other lines in the spectrum. 
I The only known sodium ion is Ka, for the reaction of which any salt 

I will serve. 
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The hydroxyl ion, OH, added to a solution containing the Na ion, 
produces uo precipitate, for NaOH is soluble in half its own weight of 
water. In dilute solutions, sodium hydroxid is almost completely dis- 
sociated and is one of the strongest bases known. For this rea.son it is 
much used to introduce OH ions into solutions coutauiing the ions of 
other metals. The hydroxids of the metals generally are much less 
soluble than NaOH and, with the exception of the other alkali metals, 
the hydroxid (or oxid) of each may be precipitated by the addition of a 
solution of sodium hydroxid of suitable concentration. An exce-ss of the 
reagent may cause the precipitate to dissolve, owing to the formation of 
soluble coraponnds. (See lead, antimony, arseryc, tin, aluminum, chro- 
mium, cobalt and zinc.) 

This is due to the fact that the hydroxids of certain weak bases, which 
normally separate the hydroxyl ion to a slight extent, may also dissociate 
into H ions as well and act as weak acids. The high concentration of Oil 
ions from a solution 'of NaOII or KOH represses the ionization of these 
hydroxids into OH ions and calls forth the separation of H ions instead. 
The strong base imites with the weaker hydroxid, now acting as an acid, 
to form a soluble salt. (See page 22.) 

On standing in the air, sodium hydroxid, like all strong bases, absorbs 
carbon dioxid and passes into the carbonate. 

2NaOH + CO, -^ Na,CO, + H^O 



For this reason NaOH always contains some NajCOj. 

As "soda lye" or "caustic soda," sodium hydroxid finds many ap- 
plications in the industries. 

The carbonate ion, CO3, produces no precipitate, for NajCO^ is 
readily soluble. With the exception of the other alkalies, the carbonates 
of the metals are much less soluble than NajCO, and, on the addition 
of this reagent, they (or their decomposition products) may be pre- 
cipitated from solutions of their soluble salts (arsenic excepted, see 
page 50). Furthermore, since the sodium salts of all ordinarj' acids are 
soluble, by lioiling any precipitated substance with Na^CO^, the metallic 
elements may be obtained as carbonates or their decomposition products 
in a new precipitate while the acid radicles are separated as soluble 
sodiimi salts in the filtrate. Substances so treated are said to be 
transjmscd. 

In solution, sodium carbonate, like all other soluble carbonates, ia 
hydrolyzed appreciably (see page 29), and gives a ba.sic reaction to lit- 
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raiLS. Since its solution contains an appreciable concentration of OH 
ions, it may cause the precipitation of the hydroxid as well as the car- 
bonate of any metal, provided these two compounds are soluble to about 
the same degree. Such is the ease with several metals. (See lead, cop- 
per, bismuth, cobalt, nickel, zinc and magne-sium, ) On treating a solu- 
tion of their soluble salts with any soluble carbonate, a precipitate falls, 
apparently consistintt of a mixture of the hydroxids and carbonates of 
these metals. Such precipitates are usually called "basic carbonates." 
Since the composition of any of these precipitates varies much with the 
conditions under which it is brought down, it is questionable whether 
they are to be considered as true basic salts (see page 21) or simply 
mixtures. 

From solution, NajCO, separates with ten molecules of water of 
crystallization. On gentle heating it becomes anhydrous, after which it 
may be fused without decomposition, in thi.s respect differing from all 
other carbonates except those of the other fixed alkalies. (See page 54.) 

When fused with 5-10 times its weight of Na^COa, nearly every insol- 
uble salt of other metals is transposed, A metathesis is started according 
to the following typical reaction ; 

Na,CO, + PbSO, -* Na,SO, + PbCO, -^ PbO -f CO, 

This reaction is prevented from coming to equilibrium as long as an 
appreciable amount of PbSO< is present, on the one hand, by the large 
of Na^CO., present, and. on the other hand, by the fact that lead 
nate* is decomposed a.s fast as formed. But little is actually known 
of the principles underlying such reactions, however, and althouffh the 
laws governing reactions in solution seem to hold under these conditions 
also, they must be applied with caution because of the lack of definite 
data. 

In making fusions, equal parts of Na^CO, and K^CO, are frequently 
used in.stead of NajCOj alone, inasmuch as the mixture fuses at a lower 
temperature than either pure salt. This phenomenon follows the general 
rule that the melting point of any substance is lowered by the admixture 
of any substance with it. 

Under the names "soda," "sal soda" and "washing soda," NRjCO,] 
finds many applications. 

• When iniolublo salts of barium, strontium or cukium are fused in this mail- 
oer, the reaction goes in tho samo diroctiou forming carbonates, hut the tPiiipernture 
of an ordinary farion is uut sufficient to decompose them into f'Oi ftnd the okI*!* t«*i 
pages 99, 98, and 95). 
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The nitrate ion, NO.,, causes no precipitation, for all normal nitratrs 
arc readily soluble. When heated, sodium nitrate, like all nitrates, 
deeompost.s into oxygen and oxids of iiitrotren and of the metal (see page 
150). For this reason it is much used as an oxidizing agent in reac- 
tions perfoniied in the dry way. Heated jLiently with .some mild reduc- 
ing agent, it breaks down into sodiiun nitrite, NaXtL, from which all 
other nitrites may be formed. As ' ' Chili saltpeter" or ' ' caliche, ' ' NaNOj, 
is usetl extensively in making HNO3, KNO3 and in fertilizers. 

The sulfid ion, S, caiises no precipitate, for the alkaline sulfitls are 
readily soluble. 

The sulfate ion, SO,, causes no precipitate, for Na^SO^ is readily 
soluble. From solutions, it crj'stallizes at ordinary temperatures with 
ten molecules of water and is known an "Glauber's salt." It is much 
used in the manufacture of "soda" and glass. 

The chromate ion, CrO,, causes no precipitate. Since NajCrO^. 
lOHjO is vei^' delirjueseent as well as vei7»=' soluble, it can not be easily 
preserved, hence the potassium salt, KaCrO,, is more often used for the 
purpose of introducing CrO, ions into solutions eontaininfj metallic ions. 

For similar reasons KjCrjO. is preferable to Na^CrjO, ■ 2H5,0 for _ 
general laboratory use. 

The chlorid ion, 01, produces no precipitate, for the halids are all J 
soluble, increasing in degree as the atomic weight of the halogen rises 
(see table, page 71). From hot solutions all crystallize anhydrous. 

Sodiiun cyanid, NaCN, is very soluble and very deliquescent. 

The phosphate ion, PO,, unites with the Na ion to form soluble salts] 
of three distinct types. Tertiary sodium phosphate, Na^PO,, the normal 
salt, is formed only in the "drj- way" and, when put into solution, hydro-] 
lyzes largely into the secondary salt, Na„HPO„ and NaOlI, for the solu- 
tion reacts stronglj' alkaline and crystallizes out Na2HPOj.l2H20. This I 
acid disodinm phosphate, the secoudarj' salt, is the substance to which 
reference is made when the term, "sodium phosphate," is used. Toj 
such a slight degree does phosphoric acid, HgPO,, separate all three of] 
its hydrogen atoms as ions {see page 155) that the reaction to litmus j 
of this acid salt is not what would naturally be expected, for hydrolj'sia 
of NbjHPO, info NaHj.PO< and NaOH puis more OH ions into solution 
than the number of H ions formed by dissociation. Hence it has a slight 
basic reaction to litmus. 

The acid pyroantimonate ion, H.SV.Oj, produces, in concentrated 
neutral solutions, a white erj-stalline precipitate of NaaHj-Sb^O;, which 
is soluble in about 40O parts of H^O. None of the other alkalies give a 
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similar reaction. Metals other than the alkalies must be alisent, as they 


generally produce amorphous precipitates. This is the only form in 


whieh sodium may be sepanitetl by precipitation in aqueoiLS solution 


from the other alkali mL-tals. The method is scarcely to be recommended 


for general use, aa the solution of the precipitating reagent, KjE^SbjOr, 


must be prepared frpsh for each test. 


Inasmuch as the anions formed by the various acids are frequently 


introduced into soluti<jiis by means of their sodium salts, a list of the 


salts of the commoner acids is appended together with a statement of 


■ some of their properties, i. c, color, character, approximate solubility 


1 and the formula for the ordinary salt. 


Aeid. 


Formula. 


Color, 


Charaetrr. 


SolnbiUtg.* 1 
■ 


Acetic 


Na(C,HA).3H,0 


White 


Effloreaeent 


Arsenic 


NmHAaO,.12H,0 


White 


Effloreaeent 


1.75 ■ 


Arsenous (meta) 


NaA»0, 


White 


Poor erystala 


Yery sol ■ 


Borii! (tetra) 


Na,B.O,.10H,O 


White 


Efflorescent 


■ 


f'arbonie 


Na,CO,.10H:O 


White 


Efflorescent 


■ 


rarhoiiic, anhydrous 


Na,CO, 


White 


Stable 


m 


Chloric 


NaClO, 


White 


Deliquescent 


m 


Chromic 


Na,CrO..10H,O 


Yellow 


Deliquescent 


■ 


Chromic (pyro) — 








■ 


' ' dichromic ' ' 


Na,Cr,0;.2H,0 


Red 


Deliquescent 


n.a ■ 


Cyanic 


NabCN 


White 


Stabe 


Sol. ■ 


L Ferri cyanic 


Na,(FeC.N,).H/» 


Bed 


BeliijupBcent 


■ 


1 Ferrocyanic 


Na.(FeC,N,).12H,0 


YeUow 


Efflorescent 


■ 


1 Hydrobromic 


NaBr 


White 


Stable 


^^M 


1 Hydrochloric 


NaCl 


White 


Stable 


^H 


1 Hydrocyanic 


NaCN 


White 


Deliquescent 


Very sol. ^^M 


1 Hydrofluoric 


NaF 


White 


Stabe 


2,5 


^^^ . Hydriodic 


Nal 


White 


Stable 


0.6 


^^K ' HydTosilicofluuric 


Ni^iF, 


White 


Stable 


150 


^^P Hydrosulfuric 


Nb^ 


Strww 


Deliquescent 


Sol. 


Hypoeblorous 


NaOC! 


White 


Known only 
ill solution 




Nitric 


NaNO. 


White 


Deliquescent 


1.2 


Nitrous 


NaNO, 


Straw 


Stabe 


1 


Oialic 


Na,C,0. 


White 


Stable 


30 


Perchloric 


NaClO. 


White 


Deiiqueaeent 


Very sol. 


Permanganic 


NaMnO. 


Purple 


Deliquescent 


Very sol. 


Phoaphoric 


Na,HP0..12H,0 


White 


Efflorescent 


10 


Silicic (meta) 


NajSiO, 


White 


Stable 


Very sol. 


Sulfuric 


Na..SO,.10H,O 


White 


Efflorescent 


2 


Siiifurous 


Na;S0,.8H,0 


White 


Efflorescent 


4.3 


^m Thiocyanic 


NaSCN 


White 


Deliiiuescent 


Very sol. 


^^^ ThioBulfurie 


Nti,S,0..5H,0 


White 


Efflorescent 


1.5 


^^^Ulllltaric 


Na.(C^.0,).2H>0 


White 


Stable 


2.5 


^^^^"^ • The solubility ia expreaeed in grams or cubic centimeters of witter neceasary to H 


1 diaaolve one gram of thij salt. H 

It A 



QUALITATIVE ANALYSIS. 
POTASSIUM (KaHom). K — 39.2. 

Potassium is a soft, silvery metal with a bluish tint, in its properties 
and reactions closely resembling soditmi. (See page 67.) 

Potassium salts are generally colorless and usually somewhat leas 
soluble than the corresponding sodium compounds. 

Potassium salts give to a Bunsen flame a very characteristic color 
which is usually described as lavender or violet. Spectroscopically ex- 
amined, the flame shows a red line considerably to the left of the sodium 
line and a violet line far to the right at the other end of the spectrum 
(see frontispiece). These lines are often detected with some difficulty 
by the untrained observer. 

The only known potassium ion is K, for the reactions of which any of 
the more soluble salts will serve. The compounds of potassium so closely 
resemble those of sodium that the more important differences only will 
be considered. 

Potassium hydroxid, KOH, is possibly a trifle more strongly basic 
than sodium liydroxid. For most analytical reactions these reagents 
may be used interchangeably. As "potash lye" or "caustic potash," 
it finds less extensive application in the industries than does "caustic 
soda." 

Potassium carbonate, K^CO,, or "potash," is deliquescent, absorbing 
moisture rciidily from the air, unlike NajCOj. 

Potassium nitrate, KNO,. "saltpeter," unlike the sodium salt, is not 
delifjnesct'ut and. therefore, is used in the manufacture of explosives. 

Potassium cyanid, KCN, is more commonly used in the extraction of 
gold and as a bath in electroplating with the precious metals than is the 
sodium salt. 

Potassium sulfate, K„SO,, crystallizes anhydrous from its solutions. 
The acid salt, KIISO,, melts at 200°, losing water and changing into 
the p^vrosulfate, K,S._,0,. On further heating this compound breaks up 
into the normal sulfate, K,SO„ and 80,. Since nascent sulfur trioxid, 
thus formed, acts vigorously u|)on many compounds, fusion with acid 
potassium sulfate is used to decompose silicates and other compouncb 
not readily attacked by acids. 

L Potassium chromate, K.OrO^, as well as the dichromate, KJjt^Oj, 
crystallize anhydrous from their solutions. They are stable under ordi- 
nary conditions and, therefore, readily preserved. They are the reagents 
ordinarily u.sed for introducing CrOj and Cr^O, ions into solution. 
Potassium chlorate, EClO:,, breaks down readily on heating into KCl 
and oxygen, hence is much used as an oxidizing agent, finding especial 
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t application in matches and pyrotechnies. On jjentle hcatino:, it loses 
part only of its oxygen, forming, at first, potassium percUorate, KCIO,, 
according to the reaction: 



2KCaO, -^ KCIO, + 0, + KCl 



I 



Since KC10< is soluble in about 50 parts of HjO, whereas NaClO^ is 
much more soluble, a partial precipitation of KC10< m8.v be obtained by 
treating a concentrated solution containing the K ion with a saturated 
solution of NaCIOi- The precipitation is made more complete by the 
addition of alcohol. 

Potassium tartrate, K;(C,H,0„), is readily soluble. Acid potassium 
tartrate. KII(C,H^O«), recpiires about 90 parts of H^O to dissolve it. 
In 50 per cent, alcohol, however, it is quite insoluble. The precipitation 
must be made in a solution slightly acid with acetic or some other weak 
acid, for the salt is soluble in the strong acids and in alkalies, in the 
latter case forming the readily soluble normal salt. Other thau all<ali 
metals must be absent, as they form insoluble precipitates under the 
same conditions. The ammonium ion, XIIj, if present, will give a sim- 
ilar precipitate but, on ignition, will be driven off entirely whereas the 
potassium salt will be changed to the carbonate as is the rule with salts 
of organic acids generally. 

2KHCC,H,0„) + 50, -^ K,CO, + 5/7,0 + 7C0, 

"Eochelle salt," KNa,(C,H^0„).4H,0, is soluble in 15 parts of 11,0. 

Potassium platinic-cblorid, K^PtCl,,, s<jliible in about 100 parts of 
HjO, is precipitated as a yellow crystalline precipitate from concen- 
trated solutions containing the K ion by the addition of IljPtCl,. In 
alcohol it is much les.s soluble. The customary method of procedure is 
to evaporate almost to diyness the solution containing the K and PtCl, 
ions. Extraction with alcohol dissolves the soluble portion of the resi- 
due, Iea^^ng behind the potassium salt. The ammoniiun ion, NH<, if 
present, gives a similar precipitate but, on ignition, is decomposed and 
the ammoniimi radicle completely driven off. Potassium platinic- 
chlorid, on ignition, is decomposed and leaves potassium chlorid and a 
residue of platinum according to the reaction : 

K,PtCl„ -* 2KC1 + Ft + 2Gh 

Potassium cobalti nitrite, K3Co(N0.)„. is precipitated from very 
concentrated solutions containing the K ion and acidified with acetic 
acid, by the addition of a solution of a cobaltows, -auXx. w^?s. -s^^Ss. -sftCssssssi. 
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nitrite. Nitrous acid, UNOj, set free by the awtie acid, first oxidizes 
the cobaltous ion, Co, to the cobaltie ion, Co, which theu unites with the 

K ioiis and NOj ions to form the yellow KjCoCNOj),, (see page -). 

The ammonium ion, NH«, must be absent, as it forms a similar 
precipitate. 

Potassium silicofiuorid, K.SiFg, is a white erj'stalline .wit, preeipi- 
tated from slightly acid solutions containing the K ion on the addition 
of the SiF„ ion. It is much less soluble than the sodiimr salt, requiring 
about 825 parts of II3O to dissolve. An equal volume of alcohol precipi- 
tates it from aqueous solution almost completely. 

As potassium salts are frequently used to introduce anions into other 
solutions, a list of the ordinarj^ salts of the commoner acids is appended, 
together with the chemical formula, color, character and approximate 
solubility of each. 



Aeid. 


Fommla. 


Color. 


Charaoter. 


SolubiJity* 


Acetic 


KCCHA) 


Wlute 


Poor crystalH 


0.5 


Arsenic 


K,HAbO. 


White 


Stable 


Sol. 


Araenoua (uieta) 


KAsO, 


White 


Stable 


Sol. 


Boric (meta) 


KBO, 


White 


Stable 


Sol. 


Carbonic 


K,CO. 


White 


Delit ueacent 


O.fl 


Chloric 


KCIO. 


White 


Stabe 


16 


Chrotnie 


K,CrO. 


Yellow 


Stable 


1,75 


Chromic (pyro) — ■' 


K,Cr,0, 


Red 


Stable 


10 


' ' ilichromic ' ' 










Cyanic 


KOCN 


White 


Stable 


Sol. 


Ferricyaaic 


K,(FcC,N.) 


Red 


Stable 


2.5 


FeiTOcyanic 


K^{FeC^,).3H.O 


Yellow 


Stable 


3.5 


Hydrobromic 


KBr 


White 


Stable 


1.5 


Hydrochloric 


Ka 


White 


Stable 


3 


Hydrocyanic 


KCN 


White 


Dpliquescent 


Very stol. 


Hyilrufluorie 


KF 


White 


Deliquescent 


Very sol. 


Hydriodic 


m 


White 


Stable 


0.7 


Hydrosilicofluoric 


E^iF, 


White 


Stable 


825 


Uydrusuifuric 


K^ 


Straw 


Dfliiiuescent 


SoL 


HypochlormiB 


KCIO 


White 


Kno\im only 
in solution 




Nitric 


KNO, 


WWte 


Stable 


3.3 


Nitrous 


KNO, 


Straw 


Del if ueaecnt 


Sol. 


Oxalic 


KAO..H,0 


White 


Stabe 


3 


Perchloric 


Kao< 


Wliite 


Stable 


60 


Permaujfanic 


KMnO. 


Purple 


Stalile 


15 


Phosphoric 


K.HPO. 


White 


Deliquescent 


Very «ol. 


Silicic (iiietii) 


K=SiO. 


White 


Stable 


Very eol. 


Sulfuric 


K:SO. 


White 


Stai>Ie 


10 


Sulfdrous 


K,S0,.2H,0 


White 


Deliquescent 


1 


Thioeynnic 


KCNS 


White 


Deliquescent 


0.5 


TUioBulfuric 


K,S,0, 


White 


Delique.went 


Very »!• 


Tartaric 


K,(C,H,0.)-H,0 


White 


Stable 


0.6 



* The solubility is expressed in grams or cubic centimeters of water necessary to 
dissolve one gram of the salt. 
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AMMONIIFM. NH.. 

Ammonium is a combination of nitrogen and hydrogen in the pro- 
portions of one volume of the former to four volumes of the latter. It 
exists in a great number of salts and other compounds in which it takes 
the place of a metal and shows the properties of a base-forming element. 
It is equally well known as a univalent kathion, separating at the nega- 
tive pole in electrolysis as do the metals. It is not known free, however, 
for as soon as it is separated from any of its compounds, it decomposes 
into ammonia, NHj, and hydrogen. 

Ammonium salts resenible those o( potassiiun very closely in their 
physical projierties. Unlike the latter, they are all volatile, volatilization 
being accompanied by more or less decomposition which may be either 
temporarj' or permanent. 

Salts of acids containing no oxygen are volatile (generally subliming) 
with dissociation into ammonia and the acid, which recombine on cooling. 

Salts of acids containing oxygen which are not oxidizing agents split 
oflf the ammonia, gradually forming in the case of polybasic acids, acid 
salts first, which later decompose into ammonia and, generally, water and 
the acid anhvdrid : 



CNH.),SO, 
H(NHJSO,- 



>A7y, + H(NH,)S0, 



Salts of acids which are oxidizing agents decompose by an internal 
oxidation, the oxidizing and reducing agents both being contained in the 
compound itself. When ammonium nitrite is heated, the nitrite radicle 
oxidizes the ammonium radicle as indicated in the equation : 

NH,N0,^2H,0 + .Vj 

Since all ammonium salts may be removed, if subsequently necessary, 
by moderate heating, they are much used for introducing various anions 
into solutions containing metallic ion,"!. 

Anunonimn salts give no color to a Bunsen flame. 

The only known ammonium ion is NH^. 

Ammonium hydroxid, NH^OH, is known only in solution, for, on 
attempting to isolate it, decomposition into XHj and H^O takes place. 
For this reason it is known as the "volatile a.\k%.\\." "IVis. 't«siisiwcsa.'"'wi.- 
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tween ammonia and water (see page 147) is a typical efinilibrium re- 
action, as is shown by the equation : 

NH, + n,0<^NII,OH 

In solution, there is always a large portion of the gas dissolved in 
the water that is not united with it in the form of NH^OH, hence the 
solution is frequently known as "ammonia water" as well as ammonium 
hydroxid. This free ammonia shovra a special tendency to unite with 
various simple metallic ions to form complex ions. 

Ammonium hydroxid separates the OH ion to a considerably greater 
degree than do mo.st metallic hydroxids. Compared with the alkaline 
hydroxids or even the hydroxids of the alkaline earth metals, it is only 
a weak base, however. A solution of potassium or sodium hydroxid of 
ordinary concentration contains more than sixty times as many OH ions 
s^ a solution of ammonium hydroxid of the same concentration. Al- 
though these solutions are frequently used interchangeably for the intro- 
duction of OH ions, it is only to be expected that the reactions woiild 
not be exactly the same in every case. (See different action of NH^OH i 
from KOH or NaOH on lead, tin and zinc hydroxids.) 

Because sodium or potassium hydroxid dissociates so much more 
than ammonium hydroxid, salts of the latter are decomposed by the 
former reagents. Ammonium chlorid, as an example, on going into solu- 
tion, dissociates ahnost completely, giving high concentrations of NH« 
and of CI ions. On the addition of KOH, high concentrations of K and 
of OH ions are introduced. Of the compounds which may be formed by 
these four different ions, all di.ssociate readily except NH^OH. As this is 
formed, almost the whole of it remains undissociated and, therefore, cuts 
down the concentration of NH, and of OH ions and removes them from 
the sphere of action. On warming such a solution, NH^OH is decomposed 
and NIT, pa.s.ses off, leaving in solution onl.v K and CI ions to form KCl. 
This reaction i.s ordinarily u.sed as a test for ammonium saltsi. 

Ammonium carbonate, (NHJ„CO.j, is a white substance, soluble in 
about one part of water, used frequently as a reagent for the introduction 
of COg ion-s into solutions containing metallic ions. Like all soluble car- 
bonates, it hydrolyzes greatly into NHjOII and ILX-O,, both of which 
decomfMJse into gaseous products. Hence a solution of ammonium car- 
bonate contains NII^OH and NH3, Hydrolysis increases as the tempera- 
ture is raised, hence by boiling, (NIIJjCOj, may be entirely decomposed 
and removed from solution. 
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Ammonium carbonate splits off part of its ammonia even at ordinary 
temperatures and forms the acid salt. For this reason, the commercial 
product usually consists largely of acid ammonium carbonate, 
H{NH4)C0j,. Ammonium carbonate also loses water readily forming 
ammonium carbamate according to the reaction : 



H,N-0\ 



C = 0- 



H,N / 



C = + H,0 



^ 



Tbis product is also found in the commercial article. By adding 
NH^OH to a solution of commercial ammonium carbonate, however, no 
new substance is introduced and the acid salt is changed into the normal 
salt. Under the same conditions, also, the carbamate reverts to the 
carbonate. 

Ammonium sulfld, (NHJ^S, may be formed as a white solid by bring- 
ing together NH, and UjS gases at low temperatures. At ordinary tei<- 
peratures, it is decomposed almost entirely into the constituents. In 
solution it is fairly stable when protected from the action of the atmo- 
sphere and of light. It is usually formed by saturating a volume of 
strong NH,OII with IIjS which forms acid ammonium sulfid according 
to the reaction : 

Nii^ _OH + H — S — PI-» NH^ — S— H + H,0 

By the addition of another volume of NH,OH the normal salt is formed. 

A fresh solution of (NHj)jS is colorless and reacts alkaline, owing 
to hydrolysis into NHjOII and HjS, On standing in the light and air, it 
becomes yellow. The HjS oxidizes slowly into H^O and S, the latter 
substance dissolving iu and reacting with (NH^}jS to form some of the 
ammonium potysulfids, of which several are known, such as (NH4)jS,, 
(NUJjSi and so forth. A solution of these polysulflds is known as 
"yellow ammonium sulfid." 

Ammonium sulfid is much used for the introduction of S ions into 
solution because it furnishes a concentration of S ions much greater than 
can be obtained by a saturated solution of IlnS. Moreover, it may be 
removed from solution simply by boiling, which is not true of the 
sulfids of the fixed alkalies. 

Ammonium polysulfid is used to dissolve certain metallic sulfids 
{see antimony, arsenic, tin, gold and platinum) with which it unites to 
form soluble salts of thioacids, 
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Ammonium nitrate, NH^NO,, is a colorless, crj'stalline, deliquescent 
salt, soluble in about half its weight of water. On heating it decom- 
poses, the nitric acid radicle oxidizing the ammonium radicle according 
to the equation : 

NH.NOj ^ NM + 2U,0 

In the presence of oxidizable material, the reaction does not form 
NjO but N,, the oxygen being taken up by the reducing agent. For this 
-reason, it is often used in fusions to remove organic matter. 

Ammonium acetate, NH^(C;H„0;), is a colorless, cr^-^stalline deli- 
quescent substance which is very soluble in water. 

Ammonium chloiid, NH^Cl, is a colorless, crystalline substance, 
soluble in 2.5 parts of H^O. It unites with the salts of many metals 
to form double .salts and is thus used to prevent the precipitation 
of metallic hydroxids by NH^OH. (See magnesium, ferrous iron, cobalt, 
niekel, manganese and xhw. See also page 32.) 

The ammoniimi phosphates are unimportant and closely resemble the 
salts of sodium and potassium. Microcosmie salt, HNa(NH4)P0i.4H,0, 
is interesting because of its decomposition on heating into sodium meta- 
phosphate, ammonia and water. 



H — 

\ 
0— P = 

/ 

Na — 



H,N 



// 

\ 



I 

I Sodium raeta-phosphate is used frequently in fusions. Beinfi a flux 

I for all basic oxids, it leaves non-volatile, infusible, acid anhydrids, such 

f as silica, undissolved and floating about in the clear melt. (See test for 

I silicic acid, page 2(j0.) 

I Ammonium oxalate, (NHJ,C,.0, ■ H_,0, is a colorless crystalline body, 

I Boluble in about 23 parts of II.jO. It is generally used for the introdne- 

\ tion of the oxalate ion into solutions. 

I A few less soluble complex salts of ammoniimi are known, such as the 

acid tartrate, platinic-cblorid and cobalti-nitrite. They resemble the 

potassium .salts verj' closely. ( See page 74. } 

Ammonium silicofluorid, (Nn^)jSiF„, is soluble in about 5 parts 

of H.,0. 

Ammonium molybdate, (NH,).,MoOj, is a white crj'stalline substance 

without water of crystfillization. It is soluble in alwut .5 parts of ILO 

and is used as a reagent for detecting phosphoric and arsenic acids. 




THE COPPER GROUP. 

Group 1, Second Type. 
Copper 63.6; Silver 107.9; Gold 197.2. 

The members of this group are heavy, malleable metals which are 
good eonductors of heat aud electricity. They are found in nature both 
free and in combination with other elements and they are generally 
stable under ordinarj' conditions. They .show but little tendency to pass 
into the ionic condition, hence are readily reduced from their compounds. 

The group, as a whole, is not well characterized, however. The sim- 
ilarity of these elements to each other is not striking nor ia the resem- 
blance of this half to the other half of the same group sufficiently obvious. 
Copper aud gold resemble elements in other grou])M quite closely and 
their righf to a po.sition in this group is not beyond question. Silver is 
a typical metal, acting as a fairly strong base-forming element. Its 
compounds are colorless and resemble those of the alkali metals and, like 
them, silver is consistently univalent. 



COPPEE (Cuprum). Cu — 63.6. 

Copper is a rather soft, verj' malteable metal, po«ses.siug a character-' 
istic red color. It tarnishes in moist air, forming a green basic carbon- 
ate sometimes known as verdigris. At higher temperatures, it unites 
readily ^^'"tb oxygen, giving rise to the black oxid, ChO. 

The metal is attacked but little by IICl or by dilute H,SO^. This 
fact is readily e.\plained by reference to the Potential Series {given on 
page 327), which shows that hydrogen pas.ses into the ionic condition 
more readily than copper does. Consequently, when metallic copper is 
brought into contact with hydrogen ions, there is little tendency for the 
latter to give up their electric charges to the former and, therefore, the 
metal does not dissolve appreciably. 

O.xidizing agents, however, convert the metal into the oxid aud this 
will di.s8olve readily in acids. In this way the metal may be obtained 
in solution. Nitric acid acts both as an oxidizing agent and as an acid 
and for this reason readily dissolves those metals which, like copper, 
show less tendency to pass into the ionic condition than hydrogen does. 
Since hot, concentrated IlnSO^ may act as an oxidizing agent {see page 
187), it. also, will dissolve copper and similar metals. 

By further reference to the Potential Series, it will be seen that most 
metals tend to pass into the ionic condition more readily than copper 
doe.s. They are. therefore, said to be more posUivc metals. If one of 
these metals is intHnlueed into a solution of a salt of copper, the charge 
passes from the copper ions to the metal. Copv^i \a ^I'ltwjvXsiX'fcSL \:^«W4. 
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solution in metallic form while the more positive metal passes into solu- 
tion in the form of ions, as the equations indicate, 

CuSO, + Zn ^ ZnSO, + Cu or. simplified, Cu + Zn ^ Cu + Zn 

Ahmiinum, iron and other metals will precipitate metallic copper" 
from solutions of its salts because of the decidedly greater tendency of 
these metals to become ions. 

AH elements mhkh, like copper, sJww litlli fendeiiry to pass into the 
ionic condition, are readily rtdiicfd from their salts io the metal and, 
conversely, those elemetits which pass readily into the ionic C07tdition are 
redticed only with difficidty. 

When lieaffd before the blowpipe with Na^COj, on eiiareoal, all cop- 
per salts are reduced, but the metal shows little tendency to come to- 
gether in a single globule. Under favorable conditions a minute red 
buttou may be formed without a coating on the charcoal. It is readily 
soluble in warm PINO.,, giving a blue solution, especially after the addi- 
tion of NH,OII. 

Copper salts generally impart a green color to a Bunsen flame, very 
similar to the color produced by barium salts or boric acid. Cuprie 
ehJorid, however, gives a beautiful blue color which can hardly be mis- 
taken. By moistening the substance to be tested with HCl and heating 
in a loop of platinum wire, the blue tlame will usually be seen. A better 
way is to pass HCl* gas into one of the air-holes at the base of a Bunsen 
burner (which must not be made of brass) and heat the sulistance on a 
platiDum wire in the flame, when, if copper be present, the blue flame 
will be observed. 

Copper acts as a weak base-forming element. Its salts hydrolyze 
considerably and, in solution, exhibit a tendency to deposit insoluble 
basic salts. Two kinds of simple copper ions are known, the cuprie ion, 
Cu, and the cuprous ion, (Cu),. These resemble considerably the cor- 
responding mercurj' ions (see page 107). There are also several com- 
plex ions, formed especially with NM, and the CN ion, which will be 
considered in their proper places. 

From the simple ions, two series of salts are formed which differ 
decidedly in their properties. The more stable cuprie salts are colored 
usually blue or green, the nitrate, sulfate, acetate and chlorJd being solu- 
ble. No cuprous salts of acids containing oxygen are known. The; 

• A little HCl generator suitable for this purpose may be made hy heating con- 
centrateii HCl in a test-tube prov-i<leii with a delivery-tube leading into one of the air- 
holes at the base of the Bunsen burner. 
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halids are colorless and highly insoluble in, water. They tend to take up 
oxygen and pass into the higher form. The reactions of the two ions 
will be considered separately. 



The Oupric Ion, Ob, 

Cupric nitrate (or sulfate or uhlorid) is a good source for Cu ions. 
It is deep blue in color and crystallizes from solution with 3 or tJ ll.O. 
Both these substances are deliquescent and therefore can not be pre- 
served as satisfactorily as salts ivbieh do not take up water vapor from 
the air. Both are extremely soluble. At 38°, Cu(NO,)5i.6H30 will dis- 
solve in its own water of crystallization. 

The hydroxyl ion, OH, precipitates floccy, blue Cu(OH)j, which 
tends to lose water slowly at ordinarj' temperatures and, on boiling, 
changes to black CuO, 

In the presence of NHj, the precipitate first formed is redissolved, 
owing to the formation of a complex cupric-ammonia ion, CuCNHj}^, 
the compounds of which are soluble. This ion is somewhat unstable and 
the concentration of Cu ions from its decomposition is sufficient to cauae 
a partial precipitation of CuS when the S ion is introdiiced. On the 
addition of acids the deep blue color characteristic of the CuCNHJ^ 
ion disappears because of the decomposition of the complex ion caused by 
the union of the H ion with the NHj to form the ammonium ion, NH,, 
The addition of KCX bleaches the solution also, owing to the formation of 
colorless compounds as the following typical reactions indicate ; 




Cu(NH,),SO, + 2KCN -f 4H,0 



■ CuC.N, 



K,SO^ + iNII.OH 



2CuC,N,- 



(CuCN),+ (CN), 



(CuCN), + 6KCN-» 2K,(CuC,NJ 



Cupric hydroxid dis-solves in solutions of alkaline cyanids, forming 
complex cyanid ions. 

In the presence of tartaric acid, citric acid, sugar or other organic 
substances containing hydroxyl radicles, no precipitation takes place 
when the OH ion is introduced into solutions containing Cu ions, owing 
to the formation of complex organic ions (see also page 117). By boil- 
ing with the simple sugars, the cuprie portion of these ions is reduced 
to the cuprous condition and decomposition into the simple (Cu)a ion 
takes place. In the presence of OH ions, (CuOII)i forms but vt vs, *«.- 
hydrated immediately and red Cu.,0 \s \iTec\p\\,ft.VctiL. T\;nb. Tsswriws^" 
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used in estimating sugar in solution. (Fehling's Test.) Cane sugar 
must be inverted before it will cause reduction. 

The carbonate ion, CO^, from alkaline carbonate -solutions, causes a 
precipitation of a mixture of hydroxid and carbonate as a light blue pre- 
cipitate. Since the composition of this substance is fairly constant, it is 
probable that a true basic salt is formed of the nature indicated by the 
formula : 

OH 

/ 

Cu 

\ 
CO, 

/ 

Cu 

\ 

OH 

(See page 21.) 

The sulfid ion, S, precipitates black CuS, insoluble in dilute acids 
and alkalies. Fairly strong UNO.,, when warm, dissolves it owing to 
oxidation to S (or HJSO^) and Cu(NOa)M. Copper sulfid is somewhat 
soluble in yellow ammonium sulfid, (NHJjS. xS, less in yellow sodium 
Bulfid, Na.jS. xS, and not soluble in colorless Na^S (difference from HgS 
and SbjSj or Sb-Sj. See pages 108, 167 and 168.) It is soluble in 
alkaline cyanids, forming soluble complex eyanids. 

The sulfate ion, SO^, produces no precipitate, for the sulfate is solu- 
ble in about 4 parts HjO at ordinary temperatures and less than 2 parts 
at 100°. From sohitions. it crystallizes ordinarily in the form CuSOj. 
SHjjO, but can be made to take up two additional molecules and conform 
to the type of the "vitriols" (see page 188). The ordinary salt is 
known eonimercially as " blue vitriol." Its blue color is lost when it is 
heated, for the anhydrous sulfate is dirty-white in color. 

The chromate ion, CrO^, precipitates a yellow oxychromate, having 
the proportions represented by the formula, 3CuO,Cr03.2HjO. 

The chlorid ion, CI, causes no precipitation. The anhydrou.s salt is 
brown but it separates from solution iii the form of green crj'stals hav- 
ing the composition CuClj.2H,0. This salt is deliquescent and dissolves 
in less than its own weight of water. 

The iodid ion, I, probably foiTus cupric iodid at first, but this salt 
immediately breaks down into the insoluble, white cuprous iodid. (Cul)„ 
with the separation of free iodin, which colors the solution brown. 



2CuI,-»(CuI), + 2I 
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The cjanid ion, ON, forms the very unstable, yellow cupric cyanid 
at first, but thus decomposes iuto the insoluble, white (CnCN), and sets 
free CN. An excess of the cyanid causes the precipitate to dissolve, 
owing to the formation of complex cyanids (see reaction of CN ion on 
(Cu)j, ion, page 84). 

2Cu(CN), -^ (CuCN), + 2CiV 

The ferrocyanid ion, (Fe = 6„VJ, precipitates gelatinous, mahogany- 
eolorodCu,(Fe = C„N„). 

The Cnprons Ion, (Ou),, 

Cuprous compoundB may be considered as containing the element in 
the univalent condition. All of the compounds seem to have double 
molecules, as the formulae indicate. (Note similar doubled molecules 
of mercurous compounds, page HO.) 

All compounds formed by the cuprous ion are so insoluble that no 
solution containing an appreciable concentration of (Cu), ions can be 
made. The cuprous halids dissolve readily in their respective acids, 
however, forming complex cuprous-halogen acids of the type HXuClj, 
HjCuBr,, II^CuIj, which dissociate into the complex ions CuCla, CuBr, 
and Culj. If such a solution be diluted, the complex ions decompose 
into simple ions and the colorless salts, (CuCl),, (CuBr)j and (Cul)j, 
are precipitated. They will dissolve in NH,OH, forming complex am- 
monia salts which, like most cuproiLS compounds, are colorless and give 
colorless solutions. Oxygen is quickly absorbed, however, and the deep 
blue color of the eupric-ammonia compounds appears at once. 

A solution of a cuprous halid containing only sufficient acid to pre- 
vent precipitation of the salt will ser\'e for the following reactions. 

The hydroxyl ion, OH, forms yellow cuprous hydroxid at first. At 
ordinary temperatures, this slowly dehydrates and precipitates red CujO. 
The reaction is hastened by boiling. 

The carbonate ion, CO3, produces the same precipitate. Since no 
cuprous salts of acida containing oxygen are known, the OH ion, pro- 
duced by hydrolysis of the carbonate, is the active agent and precipi- 
tates (CnOII)„. 

The sulfld ion, S, precipitates hlaek Cu^S, insoluble in alkalies and in 
dilute acid with the exception of warm HNO;,, which oxidizes it to 
Cu(N03)„ and separates free sulfur. 

The cyanid ion, CN, precipitates white (CuCN),, soluble in excess 
of alkaline cyanids, forming complex cyanids of the prov'^ctWc®. ^4cv- 



84 



QUALITATIVE ANALYSIS. 



cated by the fonimlae Kj( 01104X4) and K(CuC2N,). In fairly concen- 
trated solutions, the ion (CuCiN,) is verj' stable, decomposing iiito the 
simple (Cu), ion to such a small extent that the S ion gives no precipi- 
tate. In dilute solutions, ibis ion det'omiMses almost entirely into 
{CuC^Ni,), which is much less stable, and the solution is precipitated by 
the S ion. 

SILVEB {Argentum). A«. 107.9. 

Silver is a brilliant white metal, under ordinarj'^ conditions not at- 
tacked by oxygen or other constituents of the atmosphere at any tem- 
perature. It unites readily with the halogens and with sulfur, with the 
latter element forming black Ag.S. Slight traces of HjS in the air 
account for the tarnishing of silver according to the equation ; 

4Ag -I- 2H,S + 0,^ 2Ag,S + 2H,0 

Metallic silver is insoluble in IICI but readily dissolves in HNOj; 
also in hot concentrated H^SO^ with the evolution of SO,. In the 
presence of oxygen, silver dissolves in solutions of the alkaline cyanids 
according to the reaction: 

4Ag + 8KCN + O3 + 2H,0 -^ 4K ( AgC^NJ -f 4K0H 

Silver, like copper, shows a decided disinclination to pass into the 
ionic condition, as is indicated by the fact that considerable energy is 
absorbed when the metal becomes the ion. This partially accounts for 
the fact that silver does not dissolve readily in acids but requires also 
an oxidizing action to make it pass into the ionic form. Silver stands 
very near the bottom of the Potential Series. (See page 327.) If metallic 
zinc, iron, lead, tin, mercurj', or almost any other metal with the 
exception of gold and platinum, be introduced into a solution contaip- 
ing the Ag ion, metallic silver is deposited while the other metal passes 
into the ionic condition and goes into solution. The following eciuation 
illustrates the reaction and shows the greater tendency of these metals 
to pass into the ionic condition. 

Hg + 2A*g + 2N0, ^ Hg + 2Ag + 2Nb, 

On the other hand, silver passes with the greatest readiness from the 
ionic into the metallic condition and the metal may be obtained from 
its salts without difficulty by the action of heat and reducing agents. 

Heated before the blowpipe with Na^COs on charcoal, all the salts 
of silver are decomposed. A brilliant white metallic globule is formed. 
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without coatiDg on the charcoal {difference from Bi, Pb and Sn), which 
dissolves readily in TTNO^ (difference from Sn) and gives an immediate 
precipitate even in hot dilute solution when treated with HCl (difference 
from Pb and Bi). 

The common silver ion is Ag. In the presence of NH,, complex 
silver-ammonia ions are formed, of which Ag(NHa)2 is the best known. 
In both of these forms silver acts as kathion. In other ions, the silver- 
cyanid, AgC.N,, and a very complex silver-thiosulfate ion, probably 
Agof f>.jO:,)3, thu metal is a constituent of the anion. 

SUver compounds are usually colorless and insoluble, the nitrate being 
the only common salt which is readily soluble. It dissolves in half its 
weight of water and crystallizes from solution without water of crystal- 
lization, a tendency exhibited by all silver salts. The fact that the 
salts of this metal do not hydrolyze is an indication that silver is a base- 
forming element of considerable strength. The nitrate, acetate and sul- 
fate are fairly soluble, but may be precipitated from conoentrated 
solutions. Compounds formed by the complex silver ions are generally 
soluble. 

+ 

The hydroxyl ion, OH, added to solutions containing the Ag ion, 
causes the formation of AgOH, which, at ordinary temperatures, im- 
mediately loses water and forms AgjO, a brown-black precipitate, soluble 
in atrout 15,000 parts of water. Its solution has an alkaline reaction and 
therefore must contain OH ions. Hence some AgOH must exist in solu- 
tion. Measurements of its electrical conductivity seem to indicate that 
it is about one-third dissociated at this dilution. Consequently, it is a 
very much weaker base than the fixed alkalies and alkaline-earth hy- 
droxids, but is stronger than ammonium hydroxid. 

Silver oxid is entirely decomposed at 250° into oxygen and silver. 

When precipitated by a solution of KaOII or KOH, silver oxid is 
not affected by an excess of the reagent. If NH^OH is sparingly added 
to ft solution containing Ag ions, AgjO is precipitated, but dissolves in 
the slightest excess of the precipitant. Owing to the decomposition of 
the undissociated NH,OH into H„0 and NH,, a complex ion, Ag(NH,)3, 
is formed, the salts of which are soluble. Since this complex ion forms 
with great readiness and is decomposed but little into NH,, and the 
simple silver ion, the presence of NH^ decreases the concentration of 
the Ag ion very decidedly (see page 36), hence the precipitated Ag^O, 
and, similarly, most other salts of silver, dissolve readily in NH^OH, 

The silver-ammonia ion and, less readily, the simple Ag vow, vass^ Hse. 
reduced with the greatest ease and melaWic s\\\« t^k^ >ae. 5ka's?^'>-'^'^^"5 '^'*' 



86 



QUALITATIVE ANALYSIS. 



action of carbonaceous matter, in general, and, especially, by tartano 
and citric acids, aldehyde and the sugars. Inasmuch as part of the 
silver adheres closely to the glass vessel in which the reduction takes 
place and forms a brilliant mirror, this reaction is used as a test for 
certain of these substances. (See page 285.) 

The stains which are caused by silver solutions coming in contact 
with organic matter are due to this same reducing action, the finely di- 
vided metallic silver being black in color. A solution of pota.ssium cyauid, 
by dissolving the metal, will remove the stain. 

The carbonate ion, CO3, causes the precipitation of white AgjCOj, 
which soon undergoes partial decomposition into CO^ and Ag^O, the 
latter giving a yellow tinge to the precipitate. If (NH^)^COa is used as 
the precipitant, Ag^CO, dissolves somewhat in excess, since CNH«),C02 
hydrolyzes considerably. Free NII3 is therefore present in the solution 
and causes the formation of the soluble silver-ammonia ion. 

The sulfld ion, S, precipitates black Ag^S from both acid and alka- 
line solutions. This compound dissolves when treated with IINOj since 
it is oxidized to free sulfur (or HjSO^) and AgNOj. Silver sulfid is an 
extremely insoluble substance, hence it does not dissolve appreciably even 
in the strong acids, nor in NII^OH or dilute KCN. 

The stdfate ion, SO^, precipitates white Ag.SO^ from neutral solu- 
tions only, since it is exceedingly soluble in traces of acid and of 
ammonia. 

The cbromate ion, CrO,, precipitates red Ag^CrO,, which, being the 
salt of an acid only moderately strong, is soluble in the strong acids. 
Like other silver salts which are appreciably soluble, it dissolves in 
NHjOH with the formation of the silver-ammonia ion. 

The chlorid ion, CI, precipitates eurdy white AgCl, soluble in about 
700,000 parts of water, insoluble in all dilute acitls. It dissolves with 
extreme readiness in NII^OH. also in KCN and NajSjO,. In the pres- 
ence of the eyanid ion, CN, the silver ion forms the complex silver-cyanid 
ion, Ag(CN),. 

Ag + 2CN^AgCsNa 




Since AgCaNj is very stable and decomposes but little into the simple ions, 
the presence of the CN ion reduces the concentration of Ag ions de- 
cidedly and, therefore, the AgCl dissolves readily. (See page :16.) 

In sodium thiosulfate, AgCl dissolves forming a solution from which 
crystallize a salt having the proportions represented by the formula 
('AWfSj,Oj)j.Ag-jSjOB. The complex ion formed by this salt is very stable, 
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■ but, when boiled with acids, decompfises with the fonnation of black Ag^S. 
I In concentrated solutions of HCl and other chlorids, AgCl dissolves 

■ readily, probably forming complex compounds of the type HAgCl,, 
I which separate A^' ions only on diluting, in which case AgCl is again 
I precipitated. 

I The bromid ion, Br, precipitates white AgBr, soluble in about 

I 1,000,000 parts of water, and very similar to AgCl. It dissolves in KCN 

I and Na.jS^Oj as does AgCl and for similar reasons. It is less readily 

H soluble in NH^OH, however. 

^kg The iodid ion, I, precipitates pale yellow Agl w'hich resembles the 

^^' other halids of silver and is soluble in about 1,500,000 parts of water. 

Like them it dissolves readily in KCN and Na^SjOa, but is not ap- 
preciably soluble in NIIjOII. The cause for this varying solubility of 
the silver halids in NH^OH will be apparent from the following 
reasoning. 

In a saturated solution of AgCI there will be concentration of Ag 
ions which may be represented, let us say, by 100. Since AgBr is leas 
soluble than AgCl, the concentration of Ag ions in a saturated solution 
of the latter salt will be less, and may be represented by 75. Being less 
soluble than either, Agl will give a concentration which, on the same 
scale, may be taken as 50. The concentration of Ag ions due to the 
decomposition of the very sohible-but-stable, complex silver-ammonia ion 
may be represented by 35. The same ion, AgCNHa)^, is formed by dis- 
solving AgCl. AgBr and Agl in NH^OII. Therefore the final concen- 
tration of Ag ions will be the same in each case. But the relative reduc- 
tion in the case of the chlorid is much greater than with the bromid, 
therefore, AgCl is more soluble in NH,OII than AgBr is. The reduction 
in the case of the iodid is relatively too small to cause appreciable solu- 
tion. The fact that all three silver halitls dissolve in KCN and Na^SjO,, 
i.s due to a stability on the part of the silver-eyanid and silver-thiosulfate 
ions greater than that possessed by the silver-ammonia ion. Therefore 
the final concentration of Ag ions is less in every case and the relative 
reduction is sufficiently great to cause solution. 

On the addition of acids to a solution containiug the silver-ammonia 
ion, a process, the reverse of that by which it is formed, takes place. 
The H ions combine with Nil, to form NH^ ions, thus causing the 
complex ion to decompo.se and give rise to the simple Ag ion. In this 
manner, the concentration of the Ag ion is increased and AgCl, AgBr, 
or Agl is precipitated once more. 

By exptisure to light all of the silver halids turn dark and Uhemtfc 
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a part of the halogen, forming probably a compound of a lower type 
Biich as AgjCl. The original color of a darkened silver halid is restored 
by chlorin or hromin water. 

All the silver halids may be decomposed by bringing them in con- 
tact with metallie zinc and covering them with H„SO^. By the action of 
the nascent hydrogen formed by the interaction of the acid and the 
metal, metallic silver is thrown out and hydrogen-halogen acids formed. 

The cyanid ion, CN, precipitates white AgCN, insoluble in HNOj, 
but readily soluble in NH^OII, NajSjOj, and an excess of alkaline eyanid. 

The phosphate ion, PO^, precipitates yellow Ag^PO^. 

The arsenate ion, AsO^, separates chocolate-colored Ag^AsO,, 

The arsenite ion, AsOj, causes yellow AgjAsOj to fall. 

As would be expected, all of these salts are soluble in HNO, and 
NH4OII as well, and can be precipitated only from neutral solutions. 

Inasanuch as the Ag ion is an important reagent in detecting and 
differentiating between acid radicles or anions, the following is a list of 
the salts formed hy the Ag ion with those acids which will be considered 
in the present scheme of analysis : 



Aeid. 


aait. 


Color. 


BJO. 


SNO». 


NSfiH. 


Acetic 


Ag{C,H,0,) 


White 


8ol.» 


Sol. 


Sol. 


Arsenic 


Ag^sO, 


Ohoeolate 


lusol. 


Sol. 


Sol. 


Arspnious 


AfoAsOi 


Yeliow 


Ittsol. 


Sol. 


Sol. 


Boric 


AgBQ. 


White 


luBOl. 


Sol. 


Sol. 


Carlranic 


Ag,C<% 


White 


Insol. 


Sol. 


Sol. 


Chloric 


AgClO, 


White 


Sol. 


Sol,. 


Sol. 


Chromic 


AbiCtO. 


Red 


Insol. 


Sol. 


Sol. 


Cyanic 


AgOCN 


White 


Tnaol. 


Sol. 


Sol. 


■Ferricyatiic 


Ag.(FeC^.) 


Orange 


Insol, 


Sol, 


Sol. 


Ferrocyaiiic 


Ag.(FeC^.) 


White 


Insol. 


Sol. 


liiaol. 


llydrobroniic 


AgBr 


White 


Insol. 


Insol. 


Sol. 


Byllroelilctric 


AgCl 


White 


luBol, 


Insol. 


Sol. 


Bvilroo'snic 


AgCN 


White 


Insol. 


Insol. 


Sol. 


"Hydrofluoric 


AgF 


White 


Sot. 


Sol, 


Sol. 


Hydriorlie 


Agl 


Yellow 


Insol, 


Insol. 


Insol. 


Hydrosjlicofluoric 


Ag,SiF. 


White 


Sol. 


Sol. 


Sol. 


Hydrosnifuric 


Ag,S 


Black 


Insol. 


Sol. 


Insol. 


Hvpocliloroufl 


AgOa (unstable) 










Nitric 


AgNO. 


White 


80I. 


Sol. 


Sol. 


Nitrons 


AgNO, 


White 


Sol.' 


Sol. 


Sol. 


Oxalic 


Ag.C,0. 


White 


Insol. 


Sol. 


Sol. 


Percldorie 


AgCIO, 


White 


Sol. 


Sol. 


Sol. 


Permjinganic 


AgMnO, 


Purple 


Sol. 


Sol. 


Sol. 


Piiosphorie 


Ag.PO, 


Yellow 


Insol. 


Sol. 


Sol. 


eilicic 


(unknown) 










Sulfuric 


Ag,SO. 


Wtite 


8ol.» 


Sol. 


Sol. 


Sulfuroua 


Ag,SO. 


White 


Insol. 


Sol. 


Sol. 


Thio«yanic 


AgSCN 


White 


Insol. 


Insol. 


Sol. 


Tljioaulfurio 


Ag=S,0, 


White 


Insol, 


.Sol. 


Sol. 


Tartaric 


Ag,(C,H.O,) 


White 


Insol, 


Sot. 


Sol. 



'JUs^ he pTec\p\'ia.\e&. from f&irly concentrated solutions. 
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GOLD (Aunim). Au — 197.2. 

Gold is a soft, malleable, hea^T! yellow metal. It is not acted upon 
by the constituents of the atmosphere at any temperature and, with sil- 
ver, platinum and a few other elements, is known as a " noble metal. ' ' 

Gold does not dissolve in any acid but, since it is attacked by the 
halogens at ordinarj- temperatures, it dissolves readily in aqua regia 
because of the free chlorin which this reagent contains. Like the other 
"noble raetala, " gold shows a very strong disinclination to pass into the 
ionic condition and energy is absorbed when the metal takes on the elec- 
>tric charge. Gold stands at the very bottom of the Potential Series, 
hence if any other metal is introduced into a solution containing salts 
of gold, the latter metal is deposited and the former goes into solution. 

All gold salts are unstable and are readily reduced to the metallic 
condition by heat and by reducing agents of all kinds. Ferrous and 
stannous salts, oxalic and sulfurous acids all effect the reduction to the 
metal in acid solutions at ordinary' temperatures. When stannous 
chlorid is used as a reducing agent, the finely divided gold is of a red 
or purple color and under the name of "purple of Cassius" affords a 
well-known test for this metal. 

Heated before the blowpipe on charcoal with NajCOj, all gold salts 
leave a yellow globule of the metal, insoluble in nitric acid. 

With oxygen, metallic gold does not unite directly, nevertheless by 
indirect means two oxids may be obtained, a dark violet monoxid, AujO, 
and a brown trioxid, Au.Oj. Each of these substances may be consid- 
ered as the basis from which a series of gold salts is derived. 

The univalent aurous salts are nearly colorless, generally insoluble 
and are decomposed slowly by water according to the equation : 

3AuCl^AuClj,-f 2Au 

For these reasons the aurous ion, Au, is but little known. 

Aurous eyanid, AuCN, unites with potassium cyanid to form a com- 
pound, KAuCjNj, in which the gold is a constituent of the anion, 
AuCjNj, This compound is fairly stable and is of importance in the 
metallurgy of gold, for, in the presence of air, metallic gold dissolves in 
potassium cyanid solutions according to the equation: 

4Au + 8KCN + Oj -f H,0 -^ 4KAuC,Ns + 4K0H 

Auric salts ore trivalcnt and somewhat more stable than aurous salts. 
They are generally light yellow in color, usually soluble and in solution 
give rise to the auric ion, Au, 
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Gold salts of aejds containing oxygen are but little known since they 
are verj' unstable and deeomposo readily even in solution. 

Auric chlorid, AuOI,, is the most important ^old salt. It is a light- 
yellow, deliqueseeiit substance which at 180° breaks down into aurous 
eblorid and free balogeu and, at a somewhat higher temperature, is 
entirely decomposed into its elements. In solution, it gives rise to the 
auric ion, An. Auric chlorid readily unites with hydrochloric acid to 
form a crj-stalline compound, hydrochlorauric acid, lIAuCl^, in which 
the gold acts as a constituent of the anion, AuCl^. Several salts of this 
acid are known. Of these the sodium compound, NaAuCl^, finds use in 
photography as a "toning solution." 

The hydroxy! ion, OH, added to a solution containing the auric ion, 
Au, caujses a red, floeeulent precipitate which seems almost identical in 
appearance with ferric bydro.xid. Like aluininiini, zinc, lead and tin 
and certain other hydroxids, auric hydroxid acts* either as an acid or as 
a base. It is readily soluble in acids, forming salts in which gold plays 
the part of a metal. It dissolves in alkalies as well, giving rise to com- 
pounds of the composition KAuO;,. These salts are known as aurates, 
for in them gold acts as an acid-forming element. So readily does auric 
hydroxid dissolve in au excess of sodium or potassium hydroxid that, in 
dilute gold solutions, no precipitate is ordinarily obtained. 

Ammonium hydroxid, in distinction from sodium and potassium 
hydroxids, precipitates from solutions containing the Au ion, a floeeu- 
lent, brown powder which, when dry, is explosive. It has the composi- 
tion, AuNjHj.SHjO, and is known sis "fulminating gold." 

The carbonate ion, CO^, from solutions of alkaline carbonates, be- 
cause of hydrolysis acts as does the hydroxid ion. 

The sulfid ion, S, precipitates a black substance, the composition of 
which varies from AUjS, to AUjS or, apparently, it may contain metallic 
gold. The substance is insoluble in acitls, but dissolves iu aqua regia 
and in solutions of alkaline sulfids, forming iu the latter case a thioaurate 
analogous to thioantimonatca and similar compounds. This fact causes 
gold to be separated in qualitative analysis along with antimony and 
arsenic in the tin group. 

Group 2, FirBt Type. 

Beryllium 9.1 ; Magnesium 24.4; Calcium 40.1; Strontium 87.6; 
Barium 137.4; Radium 225. 

The alkaline earths, as this group is called, are soft, light, lustrous 
metals. Although they are unstable in the air and decompose water, the 




action is not so vigorous as with the alkali metals. The chemical activity 
of the elements increases as the atomic weight rises, but all these sub- 
stances are reactive, forming stable compounds from which the elements 
may be obtained only with difficulty. The members of this group always 
show a valence of two. The oxida imite readily with water to form hy- 
droxids which act as moderately strong bases, barium hydroxid disso- 
ciating somewhat more than magnesium hydroxid. Salts of this group 
are generally colorless. The solubility of the hydroxids increases, and 
of the sulfates decreases, as the atomic weight rises. With the excep- 
tion of magnesium, salts of the common metals give color to a Bunsen 
flame. 

Beryllium, and radium especially, are very rare elements, and they 
will not be considered in detail. 



MAGNESIUM, Mg — 24.4, 

Magnesium is a light, silver-white, crystalline metal. At ordinary 
temperatures it tarnishes somewhat in the atmosphere, forming a com- 
pact film of the oxid which acts as a protective coating. Heated in the 
air, it burns with an intense white light to the oxid. Because of the 
great actinic power of this light, it is much used in photography for 
"flash lights." The metal is capable of taking nitrogen as well as 
oxygen from the air, forming the nitrid, Mg^Nj. 

The metal passes readily into the ionic condition and, therefore, 
dissolves in all acids. Even the concentration of H ions due to the dis- 
sociation of water is sufficient at 10t)° to liberate hydrogen and form 
Mg(OH)„. This substance, being insoluble, soon coats over the metal 
and prevents further action. If ammonium salts be present in solu- 
tion to dissolve the hydroxid (see later), the action proceeds freely. 
Magnesium is not precipitated from solutions of its salts by other metals, 
but, on the contrarj% with the exception of aluminum and chromium, 
under proper conditions magnesium will precipitate all the common 
metals from solutions of their salts, provided the metals do not react with 
water. "When magnesium pa.<5.ses into the ionic condition, more energy is 
liberated than in the case of any other metal with the exception of the 
alkali and alkaline-earth metals. For this reason its salts ar« reduced in 
the "dry way" only and with considerable difficulty. 

Magnesium oxid, MgO, is called "magnesia," and like oxids generally 
it may be formed liy burning tlie luotul or by heating the hydroxid, car- 
bonate, nitrate or salts of organic acids (which break down first into 
carbonates). It fuses only at the highest obtainable, \.'i«ass«^^^s:t<es^ 'Ss-l 
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is a light white substance, but slightly soluble in water, reacting with it 
to form the hydroxid. 

Magnesium salts are generally colorless and usually soluble. Of 
the common salts, only the hydroxid, carbonate and phosphate are in- 
soluble. Jlagnesium salts contain the metal in the bivalent condition, 
acting as a base-fonning element distinctly stronger than the ordinary 
metals, yet not siififfeiently strong to protect its compounds from hydrol- 
ysis. They give no color to a Bunsen flame. 

The simple magnesium ion is Mg. Some complex ions are known. 

For the reactions of the Mg ion, any soluble simple salt will serve. 
The nitrate, Mg(X03),. 611^0, is deliquescent and sohiMe in half its 
weight of water. The acetate, MgiC^^ifi^j^AlJjy, is also deliquescent 
and extremely soluble. 

The hydroxyl ion, OH, preci-pitates white, gelatinous Mg(0H)3, sol- 
uble in about 100,000 parts of pure water, but the presence of small 
amounts of impurities generally increases its solubility greatly. It dis- 
sociates to nearlj'' the same extent as the other hydroxids of this group 
at the same dilution, but, owing to its insolubility, affects litmus slowly. 

If NIIjOII be used as the reagent for introducing the OH ion, only a 
partial precipitation of the raagnesinm as hydroxid is effected. This 
phenomenon is diie partly to the reduceii concentration of OH ions 
caused by the repression of the ionization of the weak base, NH,OH, by 
its more readily-di.ssociating salts (see page 31), and partly owing to the 
formation of soluble, complex magnesium-ammouimn salts of the type 
{NH«)jMgCl,, These compounds do not separate the simple Mg ion at 
ordinary dilutions to any great extent, but they dissociate into (NH^) 
and MpClj ions. In the presence of sufficient NH^Cl (or other am- 
monium salt), no precipitation of Mg(OH); will take place. A solution 
of this character (usually 1 gram-molecule of MgClj phts 2 of NHjCl 
rendered strongly alkaline with NH^OH) is known as "magnesia mix- 
ture" and is nsed as a precipitant for phosphoric and arsenic acids. 
This same property of forming double salts with ammoniiun compounds 
is possessed by cobalt, nickel, manganese zinc and ferrous iron as well. 

The carbonate ion, CO3, causes a white precipitate, consisting of a 
mixture of MgCO,, and ^Ig(0H)2, owing to hydrolysis. If (Nn,)^GOj 
be used as the precipitant, only a partial precipitation ensue.s, owing to 
the formation of the complex salt already mentioned. In the presence 
of ammonium salts, no precipitate will fall. 

The precipitate obtained with alkaline carbonates dissolves in water 
containing carbon dioxid (»'. e., carbonic acid), forming a soluble acid 
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carbonate similar m ull respects to tlie corresponding salt of calcium. 
(See page 95.) By slow evaporation of such a solution, the normal car- 
bonate, MgCO.i, which is the mineral niafniesite, crystallizes. Like cal- 
cium salts, magnesium salts in solution make water "hard." 

The sulfid ion, S, causes no precipitate, for MgS h formed only in 
the "dry way" and in aqueous solution is hydrolyzed into Mg(OH)a and 
IlnS. Since Mg{OH)j is insoluble and is thus removed from the sphere 
of action, complete hydrolysi.'i takes place, the reaction proceeding prac- 
tically only in the direction indicated by the equation : 

MgS -f 2H0H -*Mg(OH)„ + H,S 

If (NH^)jjS is used to introduce the S ion, a partial precipitation of 
Mg(0H)2 may be obtained if no other ammonium satis are present. 
With HjS, however, no Mg{0H)2 is precipitated because of the acid 
formed during the metathesis indicated by the equation: 

MgCl, + H,S -» MgS + 2HC1 

The Btilfate ion, SO^. causes no precipitation since MgSO,.7HjO is 
soluble in less than three parts of H^O, crj'stallizing from solutions in 
the form characteristic of the "vitriols. " (See page 188.) It is the only 
conunon salt of magnesium that does not deliquesce. Under the name 
of "Epsom salt," it fintls medicinal use. 

The chromate ion, CrO,, causes no precipitate, as MgCrO, is very 
soluble. 

The cMorid ion, CI, causes no precipitate, for MgClj.6HjO, like the 
bromid, iodid and eyanid, is extremely soluble, dissolving in half its 
weight of water. In solution, it hydroJyzes considerably and, on evapo- 
ration, the volatile HCl escapes, leaving behind an oxychlorid, MgaOClj. 
For this reason chiefly, sea-water can not be used in boilers as the acid 
corrodes the metal. 

The fluorid ion, F, precipitates white MgF^ which is only slowly soluble 
in the stronger acids. 

The phosphate ion, P0„ precipitates white JlgjCPO,); which is 
soluble iu about 5000 parts of H;0. If HNa-,PO, is used as the precipi- 
tating reagent, tertiary magnesium phosphate does not fall, but rather the 
secondary or acid magnesium phosphate, HMgPO^, which is soluble in 
less than 500 parts of HjO. In the presence of XIT,OII, however, 
(NH,)MgPOj.GHjO is precipitated which, on boiling, assumes a crystal- 
line form. This salt is soluble in about 10,000 parts of H^O, but, to. ^W. 
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presence of considerable NII^OII, requires more than 50.000 parte for 
solution. 

The oxalate ion, C;,0„ may precipitate from swlutions containing the 
Mg ion white nmgnesiuni oxalate, iIgC20j.2II;0, which requires 1500 
parts of HjO for solution. An exeess of any alkaline oxalate, however, 
forms double oxalate salts of several different proportions, all of which 
are soluble. 

CALCIUM, Ca — 40.1. 

Calcium is a silveiy-white, crj'stalline, malleable metal. In dry air 
it is stable but, under ordinary conditions, it is quickly attacked, forming 
CaCO,, and liberating hydrogen. It has no industrial uses and is merely 
of scientific interest. 

The metal dissolves very readily, even in dilute solutions of acids as 
weak as IIjCOj, forming salts in which the element is always divalent. 
The concentration of H ions, given by pure II„0, is sufficient to cause 
the metal to dissolve slowly at ordinary temperatures, liberating hydro- 
gen and forming the hydroxid according to the reaction: 

Oa -I- 2H + 20H ^ Ca + 20H + E^ 

When the element passes into the ionic condition a large amount of 
energj' is liberated, hence its salts are extremely stable. The metal acts 
as a base-forming element of considerable strength, consequently salts of 
the strong acids show no hydrolysis. With few exceptions calcium salts 
are colorless. 

Calcium salts color a Bunsen flame orange. This indication is some- 
what masked by the presence of other members of this group. If the 
salt which is heated be moistened with HCl, the calcium flame will flash 
out for a moment at the start, since CaCl^ reqtires less heat to volatilize 
'and decompose it than either BaClj or SrCl^. Barium and strontium 
will appear after the calcium is gone and the indication of these elements 
will be more lasting. 

With the spectroscope, calcium is detected chiefly by a green and an 
orange line about equally distant from the ever-present sodium line. 
(See frontispiece.) 

The only calcium ion definitely known is Ca. For the reactions of this 
ion any soluble calcium salt will serve. The nitrate, Ca(N03)j.4HjO is 
deliquescent and soluble in about one-quarter of its weight of water. 
The anhydrous salt is readily .soluble in amyl alcohol and by this means 
may be separated from barium and strontium, which are insoluble in the 
same solvent. (See page 270.) 
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The acetate, Ca{C2HaOj)2.5H20, is efflorescent. 

The hydroxyl ion, OH, produces no precipitate under ordinary con- 
ditions, for Ca{0H)2 is soluble in about 800 parte of cold water. It 
requires more than 1600 parts at 100°, for its solubility decreases aa the 
temperature rise,?. Concentrated solutions of NaOH or KOII may pro- 
duce a precipitate but the OH ion is never present in NH^OH solutions 
in concentration suflicient to do so. 

Calcium hydroxid is a strong base, its dissociation being surpassed 
in a marked degree only by the hydroxids of the alkali metals. As it is 
by far the cheapest reagent of this kind, it in used for all industrial pur- 
poses where a strong base is required. It is obtained by "burning lime- 
stone," i. e., heating the carbonate, CaCO,, which loses COj and forma 
the oxid, CaO. which is lime. Treated with water, lime "slacks" and 
forms the hydroxid or slacked lime. Like all strong bases, calcium 
hydroxid absorbs COj from the atmosphere, thus reforming the carbon- 
ate. A solution of CaCOH), is known as "lime-water," 

The carbonate ion, 00,, precipitates white, amorphous CaCOj which, 
on warming, readily pas.ses into the erj'stalline condition, which is the ' 
mineral caleite. During this change, liquids containing CaCOj in sus- 
pension become much less opaque since the crystalline form is much 
more dense and compact. On standing, it settles rapidly. At a bright 
red heat, t. e., about 800', CaCOj breaks down readily into COj, and CaO. 

Calcium carbonate is .soluble in about 60,000 parts of H^O. It is 
much more readily soluble in water containing COj. forming acid cal- 
cium carbonate, which dis.solves in alxiut 1000 parts of H^O. 
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On heating, all acid carbonates are decomposed into normal carbon- 
at-es, water and C0„. thus reversing the reaction. Lime salts, together 
with magnesium salts, present in solution make water "haiid," v. t.,^«Nras. 
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iiisohihle compouuds with soap, thus preventing its cleansing action. 
When these elements are present as acid carbonates, water is said to be 
"temporarily hard," for, on boiling, normal carbonates are precipitated 
and the "hardness" removed. On exposing a solution of acid calciiun 
carbonate to the air, the same reaction takes place slowly as the excess 
of COa escapes. In this way CaCO, is deposited as stalagmites and 
stalactites in caves. 

In the presence of NH^Cl, CaCOs dissolves, on boiling, owing to the 
metathesis — 

CaOOj + 2NH,C1 -^ CaClj + (NHJ.CO, 

When heated. (NPI^)jC03 decomposes into NH3, COj and HjO, which 
are removed from solution by boiling, thus causing the reaction to pro- 
ceed in the direction indicated. For this reason, in the presence of con- 
siderable NH^Cl, a small amount of (NH4)jC0a may not precipitate cal- 
ciiun and the other members of this group as carbonates completely, 
especially if the solution is hot, as is usually necessary. 

The sulfld ion, S, under ordinarj' conditions produces no precipitate 
for CaP, though somewhat insoluble, is hydrolyzed, forming soluble prod- 
ucts, fii'st CafjH and finally Ca(OH)j and H,S. 

The BUlfate ion, SQ^, causes a white precipitate of CaS0^.2HjO in 
solutions of fair concentration only, since the precipitate is soluble in 
about 500 parts of water. If CaSOj in solution be used as the precipi- 
tating reagent, obviously no precipitate will form (distinction from Ba 
and Sr). 

CaCl, + CaSO, -^ CaSO, -f- CaCl, 

The naturally-occurring sulfate, gj-psum, is heated until it has lost 
most of its water of crj-stallization. The dehydrated product is known 
as "plaster of Paris" and, on treatment with water, takes up its water 
of crystallization once more and "sets" to a compact mass of crystals. 

Calcium or magnesium prraent in solution as sulfates cannot be re- 
moved by boiling. Water containing these elements as sulfates is said 
to be "permanently hard," since it cannot be "softened" except by 
addition of chemical reagents. 

Since CaSO« is so much more soluble than CaCOj, on boiling with 
NBjCOj, the former is readily transposed into the latter. 

CaSO» + Na^COs ~* CaCOs + Na^SO^ 



The chromate ion, CrO^, produces no precipitate except in eoncen- 
trated solutions, for CaCrO^ is soluble in about 200 parts of H,0. Solu- 
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tiona of alkaline dichromates never contain sufficient concentration of 
CrO« ions to cause a precipitate. 

The chlorid ion, 01, produces no precipitate, for the chlorid, CaCU, 
like the broniid and iodid, is deliciueseeot and very soluble. The anhy- 
drous salt dissolves in about If parts of HjO. 

The fluorid ion, F, precipitates white CaF„, soluble in about 27,000 
parts of water. It is slowly soluble in HCl and other strong acids, for 
IIF is a weak acid (see page 16). It occurs in nature as fluorspar or 
fiuorite. 

The cyanid ion, CN, causes no precipitate, since Ca(CN)j is readily 
soluble. 

The phosphate ion, P0„ precipitates white Ca,(PO,)s, soluble in 
about 40,000 parts of HjO, readily soluble even in acetic acid. By acid 

sodium phosphate, HNh..PO,, which is the ordinary precipitating re- 
agent, CajtPO^)) is precipitated only in anunoniacal solutions. In neu- 
tral solutions, acid phosphate, HCaPOj, falls. Diaeid calcium phos- 
phate, CaH,(POJ„, is the "soluble phosphate" present in fertilizers. 

The oxalate ion, 0,^,. precipitates white CaCjO«.2HjO, soluble in 
about 140,000 part.s of II^O. Since oxalic acid, H^CjO^, dissociates to a 
greater degree than IlCCjIIjOa), calcium oxalate is insoluble in acetic 
acid, although its precipitation may be held up somewhat if the concen- 
tration of acetic acid becomes too great. Calcium oxalate is readily 
soluble in the strong mineral acids, however. When precipitated from 
a cold solution the crystals of calcium oxalate are s(# minute as to run 
through a filter paper readily and produce a milky filtrate. By heating 
the liquid, either previous to or after precipitation, larger crystals are 
formed which may be filtered without difficulty. 

STRONTIUM. Sr — 87.6. 

Strontium so closely rewenililes calcium in all essential features that 
a detailed description is unnecessary. Its nature as an element and the 
properties of its compounds are usually intermediate between calcium 
on the one side and barium on the other. 

Strontium salts color a Bunsen flame an intense crimson. As the 
chlorid is more volatile and easily decomposed than other salts, the best 
results are obtained by moistening the substance with HCl before 
heating. 

With the spectroscope, strontium is detected by the presence of six 
bright red bands, one orange and one blue band. (See frontispiece.) 

The only strontium ion is Sr. For reactions of this ion, solutions ot 
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any soluble salt will serve. The nitrate, Sr(NOj),. 411^0, is efflorescent. 
The anhj'droua salt is soluble in 5 parts of HjO but is insoluble in boil- 
ing amyl alcohol {distinction from Ca). 

The hydroxy! ion, OH, produces no precipitate except in very con- 
centrated solutions, for Sr{OH)2.8H20 is soluble in about 60 parts of 
H,0. 

The carbonate ion, CO3, precipitates white SrCO,, soluble in alwut 
100,000 parts of II^O. It is similar in all respects to CaCOj but refjuires 
a higher temperature to decompose it into CO; and SrO. 

The sulfate ion, SO,, precipitates white SrSO,, soluble in about 10,000 
parts of H„0. Since CaSO, is much more soluble than SrSO,, the intro- 
duction of a saturated solution of CaSO^ into solutions containing the 
Sr ion causes a precipitate which appears somewhat tardily, inasmuch 
as SrSOj does not separate from supersaturated solutions at once. This 
reaction serves to distinguish barium and calcium from strontium, for 
the former gives an immediate precipitate and the latter none at all. 

Since SrSO, is more soluble than SrCO,, on boiling with Na,COa, 
the former is transposed into the latter compound. 

The chromate ion, CrO^, precipitates, from concentrated solutions 
only, yellow SrCrO,, soluble in about 800 parts of ILO. Alkaline di- 
chromate solutions contain the CrO^ ion in sufficient concentration to 
cause a precipitate in very concentrated solutions of strontium salts. 

The oxalate ion, C.O,, precipitates white SrC^O,, fairly insoluble in 
water but somewhat soluble in acetic acid. 



BARIUM. Ba — 137.4. 

The metal barium closely resembles calcium in properties. It decom- 
poses water readily at ordinary temperatures, forming Ba(OH)j and 
liberating hydrogen, 

Bariimi salts, with few exceptions, are colorless. In all of its com- 
pounds the metal is bivalent. 

Barium salts color a Bunsen tlame green. Moistening the substance 
to be tested with IICI aids this reaction considerably, owing to the for- 
mation of BaClj which is more volatile than other barium salts. Barium 
sidfate is not appreciably volatile at the temperature of the blowpipe 
and is not decomposed by II CI, therefore gives but little flame coloration. 
Heated on a platimmi wire in the reducing flame it is converted to the 
sulfid which, on treatment with HCl, gives a satisfactory indication 
■when reheated. 

With the spectroscope, barium is indicated by a number of bright 
green lines. (See frontispiece.) 
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The only barium ion known is Ba. For the reactions of thia ion, any 
soluble salt will serve. The nitrate, Ba(N03)j, crystallizes anhydrous 
from solution. It is soluble in about 11 parts of HjO but ia entirely in- 
soluble in boiling amyl alcohol (like Sr, but unlike Ca). The acetate 
68(0,11302)2, is readily soluble. 

The hydroxyl ion, OH, produces no precipitate, for Ba(OH)3.81LO 
is soluble in about 20 parts of cold water and in about twice its own 
weipht of boiling water. Barium hydroxid ia a trifle more dissociated 
than Ca(OH)a at corresponding dilutions and ita solution is known as 
"baryta water." 

The carbonate ion, CO.,, precipitates white, amorphous BaCO, which, 
on heatiug, becomes cry.stalline. It i.s soluble in alxiut 50,000 parts of 
H,0. In the presence of COj, the acid carlronate is formed, soluble in 
about 1000 parts of H,0. On boiling with NH^Cl, the carbonate dis- 
solves and the chlorid is slowly formed, just as with CaCOj. (See page 
96.) It is found in nature as the mineral witherite. 

Barium carbonate requires a much higher temperature — about 1500° 
—to decompose it into COj and the oxid than does CaCO,, being more 
stable under the influence of heat than any other carbonates except those 
of the fixed alkalies. Barium oxid, BaO, like CaO, unites with water 
forming the hydroxid which readily ateorbs COj and passes into car- 
bopate again. 

On heating in a current of air, BaO absorbs oxygen and becomes 
BaO^. At a higher temperature it breaks down again into the monoxid 
and liberates oxygen. 

Barium peroxid, treated with dilute acids, forms hydrogen peroxid, 
H,02. 

The sulfid ion, S, causes no precipitate, for BaS is fairly soluble and 
hydrolyzes to soluble prfiduct*? as does CaS. 

The sulfate ion, SO4, precipitates white BaSO«, soluble in about 
400,000 parts of water. The naturally-occurring product is the mineral 
baryte. It dissolves in concentrated H^SO, somewhat, forming the acid 
sulfate, BaH„(SO^);, but is re precipitated on diluting. Hydrochloric 
acid has no appreciable solvent effect. Since BaSO< is so much more 
insoluble than BaCOj, on boiling BaSO, with NajCOj, an appreciable 
reaction takes place only when the concentration of NajCOj approximates 
that of a saturated .solution. Even then the metathesis can be completed 
only on filtering off the precipitate and treating with fresh Na^COj re- 
peatedly, a method which is obviously not satisfactory. B^ l-osstssft. ■"^^Ssl. 
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4-5 times its bulk of NajCOj, BaS04 may be more readily transposed, 
however. 

If a saturated sohition of CaSO^ be used to introduce the SO^ ion 
into solutions containing the Ba ion, an immediate precipitate results 
(distinction from Sr and Ca). 

The chromate ion, CrO^. precipitates canary-colored BaCr04, soluble 
in about 250,000 parts of HjO. It is not appreeiablj' soluble in acetic 
acid, but dissolves readily in the strong acids. Solutions of alkaline di- 
chromates contain CrO, ions in sufficient concentration to cause a pre- 
cipitate of BaCrO<. 

The chlorid ion, CI, produces no precipitate, for '[iaiCl^.211.,0, like 
the bromid and iodid, is very soluble, requiring only 2 parts of water for 
its solution. In concentrated IICl, it is insoluble and if sufficient HCl 
be added to a solution containing Ba ions, a precipitate will fall. 

The fiuorid ion, F, precipitates white BaF^, which is somewhat more 
soluble in water than CaP„. 

Tbe phosphate ion, PO4, precipitates white Ba;, ( PO, ) j, soluble even in 
acetic acid. By acid sodium phosphate, HNajPOi, the ordinary precipi- 
tating reagent for phosphates, Baj(P0,)2 is precipitated only in alkaline 
solutions. In neutral solutions IIBaPO^ falls. 

The oxalate ion, C„0^, precipitates white BaCaO^, soluble in about 
2500 parts of water. In tbe strong acids, as well as in hot acetic acid, 
it is readily soluble. 

The silicofluorid ion, SiFo, precipitates white BaSiFo, soluble in 
about 3500 parts of HjO at ordiuar>' temperatures. In dilute HCl it is 
considerably more soluble, however, and from acid solutions requires some 
standing to effect appreciable precipitation. 

Inasmuch as the Ba ion is an important reagent in detecting and 
differentiating between acid radicles or anions, a list of salts formed by 
the Ba ion with the acids considered in tbe present scheme of analysis is 
appended, together with the solubilities of each in water and dilute HCl. 
(See next page.) 

Group 2, Second Type- 
Zinc 65.4; Cadmium 112.4; Mercury 200. 

The members of this group are heavj' metals, each po.ssessing a bright 
metallic luster. They do not pass as readily into the ionic condition 
as the first type metals do; the compounds are less stable and from them 
the elements may be obtained without difficulty. Their oxids unite with 
water only indirectly to form hydroxids, which are by no means as 
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Aeid. 


Formula. 


Color. 


BJO. 


HCl. 


Acetic 


Ba(C,H.O,), 


White 


Sol. 


Sol. 


Arsenic 


Ba,(AsO.), 


White 


Insoi. 


Sol. 


Arscnioiia 


Ba(AsO,), 


White 


InsoL 


Sol. 


Boric 


Ba(BO,), 


White 


[nsol. 


Sol. 


Carbonic 


BaCO, 


White 


Toaol. 


Sol. 


Chloric 


Ba(nO.)3 


White 


Sol. 


Sol. 


Chromic 


BaCrO, 


YeUow 


Inaol. 


Sol. 


f^anic 


Ba(OCN), 


White 


Sol. 


Sol. 


Fcrrieyatiic 


Ba.(FeCJf.), 


Red 


Sol. 


Sol, 


Ferrocyaiiic 


Ba,CFeCJ!f,) 


Yellow 


Sol. 


Sol. 


Hydrobromie 


BaBr, 


White 


Sol. 


Sol. 


Hydrochloric 


BaCl, 


White 


Sol. 


Sol, 


Hydrocyanic 


Ba(CN), 


White 


Sol. 


Sol. 


Hydrofluoric 


BftF, 


White 


IQROI. 


Sol, 


Hyf)riodic 


Bal. 


White 


Sol. 


Sol. 


Hydroailicofluoric 


BaSiF, 


White 


IhboI. 


Insol. 


Hydrosulfurie 


Ba8 


I^'mon 


Sol. 


Sol. 


Hypochloroua 


Ba(nO), 


White 


Sol. 


Sol. 


Nitric 


Ba(NO.), 


White 


Sol. 


Sol. 


Nitrous 


Ba(NO,). 


White 


Sol. 


Sol. 


Oialic 


BaCO. 


White 


TnHol. 


Sol. 


Perchloric 


Ba(C10.), 


White 


SoL 


Sol. 


Perms oRacic 


Ba(MnO,), 


Purple 


Sol. 


So!. 


Phosphoric 


Ba,(PO,), 


White 


InsaL 


Sol. 


Silicic. 


BaSiO, 


White 


Insol. 


Insol. 


Sulfuric 


BaSO. 


White 


Inaol. 


InBoL 


Sulfurous 


BaSO, 


White 


Insol, 


Sol, 


Thiocranic 


Ba(8CN), 


White 


Sol. 


Sol. 


Thiosiilfuric 


BnS,0, 


White 


Sol. 


Sol. 


Tartaric 


Bo(C,HA) 


White 


Insol. 


Sol. 



strong as those of the first type. They act as weak bases. As the atomic 
weight rises, the metals become more resistant to the atmo-sphere, more 
readily reduced from their compounds and their salts tend to become 
colored. The group is generally bivalent. Mercury forms a whole series 
of compound.? which are usually considered univalent, however, and 
cadmium exhibits some slight tendency in the same direction. 



2TNC. Zn — 65.4. 

Zinc is a heavy, bluish-white, crj-stalliiie metal. It tarnishes but 
little in the atmosphere, owing to the formation of a compact film of the 
oxid, which prevents further action. When highly heated, it burns with 
a bluish-white flame. Commercial zinc, often called "spelter," contains 
small amounts of carbon, iron aud copper. "Zinc dust," the finely 
divided metal obtained by cooling the vapor, always contains ZnO. 

Pure zinc dissolves but slowly in HCl or H,RO,. The commercial 
article i.*! readily soluble in acids, however, even in acetic acid, owing to 
the fact that the impnritie.s form with the metal small electrolj'tic couples 
which hasten the solution of the positive plate {i. t'., the xiac\ a.\v<i.\jJwHM&R, 
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hydrogen abuDdantly. A eonsiderable amount of ener^^ is liberated 
during the passage into the ionie condition. Consequently, to obtain 
the metal from its compounds requires the expediture of a large amount 
of energj* which is absorbed during the reaction. For this reason, zinc 
salts are readily reduced ou5y in the "dry way" on heating. Zinc is not 
precipitated from solutions of its salts by any of the common metabs,* 
but, on the contrary, causes most other metals to be precipitated from 
solutions of their salts. 

Zinc, like aluminum (see page 115), is attacked by the strong alkalies, 
forming zincates according to the reaction : 

Zn + 2NaOII -^ Na^ZnO^ + Hj 
or, writing the ionic equation: 

Zn + 2 Oil -> ZnO^ + flj 

Zinc oxid, ZnO, like other oxida generally, is formed by heating the 
hydroxid, carbonate, nitrate, sultid, acetate and salts of other organia 
acids, or by heating other salts with NaXOj. It is a white substance 
turning yellow on heating. When heated before the blowpipe after 
being moistened with a drop of dilute Co{NOj,}j a green color appears, 
Rinnmann's green, which is probably due to the formation of cobalt 
zincate, CoZnO™, 

Heated before the blowpipe with NajCOj on charcoal, all zinc com- 
pounds aj-e reduced to the metal which is immediately volatilized and 
oxidized, forming on the charcoal a coating of the oxid, yellow when hot 
and white when cold. 

Zinc salts contain the metal always in the bivalent condition. It 
acts as a base-forming element of about the same strength as ferrous 
iron, cobalt and nickel. Zinc compounds are generally colorless. The 
salts of the common laboratory acids are soluble and in solution are 
hydrolyzed but little; hence from cold solutions zinc hydroxid is not 
precipitated by the addition of BaCOj as is the case with the salts of 
the trivalent metjds like ferric iron. (See page 225.) 

The simple zinc ion is Zi. Complex ions, zinc-ammonia and others, 
are known, also the zincate ion, ZnO,, in which zinc acts as an acid- form- 
ing element. 

4-t- , 

For the reactions of the Zn ion, any soluble simple salt will 
serve. The nitrate, Zn(NOj).j.6H.jO, is deliquescent as is the acetate, 

* Vad^ proper eonditions Mg wiJ] throw Zn out of Bolutiona of its salts. 
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Zn(Cjn.,Oj)2.7H.jO. Each is extremely soluble and will melt in its 
own water of crystaJlizaliun at temperatures but little above the ordinary. 
The hydroxyl ion, OH, precipitates white ZnOjHj ■which shows 
both acidic and basic properties. (See page 22.) In the presence of 
acids, it separates into Zn and Oil ions, the latter uniting with the H 
ions of the acids to form water, and leaving in solution the ions 
necessary to form zinc salts. On the other band, the presence of a 
high concentration of OH ions, the ionization of ZnO^H^ into OH ions 
is repressed and 11 and ZnO, ions are fonned instead. In this ease H 
ions from zinc hydros id and OH ions from the base unite to form H^O 
and leave in solution the ions necessary to form zincates. Alkali zincates 
are well-known, readily soluble salts of the type indicated by the formula 



K — 



\ 



K 



/ 



Zn 



Because of the formation of these salts, all zinc compounds except 
ZnS dissolve readily in the strong alkalie.s. 

Zinc hydroxid is soluble in NH4OII forming, not ammonium zineate, 
but complex zinc-ammonia compounds, giving complex ions, ZnCNH,),, 
exactly analogous to the cobalt-ammonia compoiinds (see page 229). Be- 
cause of the formation of these bodies, all zinc compounds except ZnS and 
Znj(Fe = C,Ng) dissolve readily in NHjOH. 

With NII^C! and other ammonium salts, zinc hydroxid .and other 
zinc salts form double salts of the type, (NH^)2ZnCl„ which in fairly 
strong solutions, at least, dissociate into NH, ions and ZnCI,. On dilut- 
ing, simple ions are formed by decomposition of the complex ions. These 
compounds are characteristic of ferrous iron, cobalt, nickel, manganese 
and magnesium as well as of zinc and, because of their formation, in 
the presence of NII^Cl no precipitate is given by any of these metals* 
when treated with XII, OH or (NIIJ^CO,. 

The carbonate ion, CO3, cau.ses a precipitate of varj'ing com[josition, 
apparentaly consisting of much Zn(OH)j with some ZnCOg. 

The stdfid ion, S, precipitates from solutions neutral, alkaline, or 
acid with acetic acid only, white ZnS, readily soluble in the dilute min- 
eral acids. In neutral solutions, the precipitation is not complete be- 

* MaDganese gives a precipitate with (NHi),COi (jsea ^&%&lA.t^. 
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cause of the liberation of mineral aeid which causes the reaction to come 
to equilibrium, as indicated by the equation : 

ZnCl, + HjS <-» ZnS + 2HC1 

If sodium or other soluble acetate be added, the precipitation is 
complete. By the interaction of tlie strong acid with the acetate, acetic 
aeid is set free. In acetic acid ZnS is insoluble. 

The sulfate ion, Sii„ causes no precipitate since the sidfate is soluble 
in its own weight of water. Prom solution it separates with TILO in 
the form characteristic of the "vitriols" (see page 188), It effloresces 
and may be preserved more satisfactorily than other zinc salts which are 
generally deliquescent. As "white vitriol," it finds many applications. 

The chlorid ion, CI, produces no precipitate, for zinc ehlorid is ex- 
tremely soluble. It melts readily and is volatile at a red heat. Its solu- 
tions show a tendency to become cloudy because of the formation of a 
basic salt due to hydrolysis. 

The cyanid ion, CN, precipitates white Zn(CN)j, soluble in moder- 
ately concentrated mineral acids. It dissolves readily in an excess of 
alkaline cyanids, forming complex cyanids which dissociate into allcali 
and (ZnC,N^) ions. These ions are quite unstable and decompo.se con- 
siderably into the simple ions in solutions of ordinary concentration. 

The ferrocyanid ion, (Fe = 8„N„), precipitates Zn„(Fe = C„Ne), white 
in color and insoluble in dilute acids and NII^OH. By alkalies it is de- 
composed, however, into alkaline zincates and ferrocyanids. 

The ferricyanld ion, (Fe = C,jN„), precipitates yellowish -white 
Zn.i(Fe = r„N„);, insoluble in dilute acids. 

The phosphate ion, PO^, precipitates white ZngCPO^);!, soluble even 

in acetic acid. 

CADMIUM. Cd — 112.4. 

Cadmium is a rather soft, white metal, resembling zinc very closely 
in appearance and properties. It ia not appreciably tarnished by the 
eonstitupiils of the atmosphere at ordinary temperatures but, when 
heated, unites with oxygen, producing a vigorous combustion and giving 
off eloiids of brown smoke consisting of the oxid, CdO. 

The metal dissolves .slowly in dilute mineral acids, HNO;, being, as 
is usual, the most satisfactorj' solvent. In the passage from the metallic 
into the ionic condition some energy is liberated, hence cadmium salts 
are stable and not particularly easy of reduction. They are generally 
colorless and for the mo.st part insoluble. Of the common salts the 
nitrate, sjjJfate, acetate and the halids are readily soluble. 
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Pleated before the blowpipe with Na^CO,, on charcoal, all cadniiiim 
salts are reduced to the nwtal. A metallic globule is ant obtaiued, how- 
ever, because cadmium is volatilized. As the hot vapor moves away from 
the heated charcoal, it oxidizes rapidly, forming a brown coating on any 
cold surface. 

The ordinarj' cadmium ion is Cd, furnished iu abundance by solutions 
of the nitrate or other soluble salt with the exception of the halids. These 
cadmium compounds diasoeiate to a much smaller degree than do salts 
generally (see footnote, page 21). Complex ions formed by the union 
of the simple Cd ion with Nn», and with the CN ion also, are well known. 

The hydroxyl ion, OH, added to a solution containing the Cd ion, 
produces a precipitate of white Cd(OII)j. It is insoluble in an excess 
of NaOH or other reagent furnishing OH ions in high concentration, 
being in this way differentiated from two other white hydroxids, 
Zn{OH)i and Pb(0H)2, which are soluble. In the presence of free NH^, 
complex ions are formed of which the best known is Cd(NHj)j. Since 
the compounds formed by this ion are generally soluble, Cd{OH}j dis- 
solves in an excess of NHjOlI, thus showing a similarity to zinc and 
copper and difiference from lead. 

The hydroxid is soluble in alkaline cyanids forming soluble complex 
eyanids. 

On heating, white Cd(OII)j breaks down into brown CdO and water, 
as all hydroxids do. 

The carbonate ion, COj, preeipitates white CdCO, which, on heating, 
breaks down into the brown CdO, as all except carbonates of the alkali 
metals do. 

The suMd ion, S, precipitates yellow CdS from neutral and alkaline 
solutions and, also, from solutions that contain only a small concentra- 
tion of H ions. The sulfid is soluble in a concentration of 11 ions greater 
than is given by a 4 per cent, solution of HCl, hence CdS is not precipi- 
tated in the presence of much strong aeitl. Cadmium sulfid is not solu- 
ble in (NHJaS. xS and in this way may be differentiated from the yel- 
low sulfids of arsenic, antimony and tin, all of which are soluble in yellow 
ammonium sulfid. 

From slightly acid solutions of CdCU, an orange compound having 
the proportions represented by the formula CdS.CdClj Is first precipi- 
tated but is later changed into the pure yellow CdS. 

The sulfate ion, SO,, produces no precipitate since CdSO, is readily 
soluble. The crystallized salt ordinarily has the formula {CdSO,)^. 
SHjO but it may erj'stallize in the characteristic form of the "vltvwsVj." 
CdS0«.7H,O. 
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The chromate ion, CrO,, causes no precipitate, as CdCrO« is soluble. 
The chlorid ion, 01, causes uo precipitate, as CdCIj is soluble. It 

crystallizes with 2IL0. The bromid and iodid are similar. 

The cyanid ion, CN, preeipitatra white Cd(CN)„ soluble in acids, 
NHjOH and an excess of alkaline cyanid, forming a double cyanid of 
the type NajCdC^N^, which gives rise to the complex ion, {CdC,NJ. 
This ion is not very stable and even in concentrated solutions decom- 
poses to a considerable extent into the simple Cd and CN ions. Hence, 
when HjS is passed into the solution, CdS is precipitated, as is always 
the case when Cd and S ions come together in neutral or alkaline solu- 
tions. In this particular, cadmium differs from copper which forms a 
similar double cyanid of the type Na^CuC^N^, giving rise to the complex 
cyanid ion, (CuC^Nj). The- latter is verj* stable; in solutions of fair 
concentration it does not dissociate appreciably into the simple ion and, 
therefore, is not precipitated by H^S. 

The ferrocsramid ion, (Pe = 5„N„), precipitates white Cd2(Fe = 
CflN,), insoluble in dilute acids. Fairly concentrated acid readily dis- 
solves it and NH^OH does also. 



MERCURY (Hydrargyrum). Hg — 200. 

Mercury is the only metallic element liquid at ordinary tempera- 
tures. It melts at — 39,4" and boils at 357°. It is ver>' heav;\ possesses 
a silvery-white lustre and alloys readily with most other metals.* Mer- 
cury alloys are known as amalgams. 

The metal docs not tarnish in the air at ordinary temperatures but 
does unite slowly with oxygen when near the boiling-point. At a higher 
temperature the red IlgO is decomposed into the elements. 

Mercury is but little soluble in HCl or dilute HjSO, for two reasons. 
First, the metal does not pass easily into the ionic condition and, there- 
fore, does not take the charge from hydrogen ions readily. Secondly, 
what little action HCl and HjSO^ have on the element results in the 
formation of insoluble coatings of (HgCl)^ or Hg^SO^, which protect 
the metal from further action. Oxidizing agents, such as HNO3 and 
hot concentrated HiSO,, dissolve the metal readily, however. (Note 
similar action of acids on copper, page 79.) 

When mercurj* and HXO3 are brought together, the temperature and 
the relative proportions of acid and metal determine the reaction prod- 
uct. If mercury is present in excess and the acid is dilute and cold, 
niercurous nitrate, (IIgNO,)j, is formed. If the HNO3 is in excess, 

' Iron ami pJatiaum do not aJloj' with uipreury at oriUnary temperatures. 
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(HgNOj)i is oxidiz<?d to mercuric nitrate, HgCNOj)!, specially if the 
add is at all concentrated or heated. 

Since mercury shows a disinclination to pass into the ionic condition 
and absorbs considerable energy when it assumes the electric charge, 
many other metals will precipitate the clement from solutions of its 
salts became these metals show a stronger tendenc.y to form ions than 
mercury does. Zine, iron and copper precipitate the metal with great 
rea^nesa. Mercury vi'ill throw down metallic silver, gold and platinum, 
however, from solutiona of their salts. 

Mercury salts, for this reason, are easily reduced to the metal by 
strong reducing agents. Heat alone is sufficient to decompose them ir 
most instances. On the contrary, quite a number of mercury salts sub- 
lime without decomposition. By the addition of NajCOj, however, all 
salts decompKJse when heated in a closet! -tube, and mercury distills out 
of the mixture and collects on the cooler portions of the tube. 

Mercury salts are of tvro general types; mercuric, in which the ele- 
ment is bivalent, and mereurous, in which the element may be considered 
as univalent. At ordinary temperatures, however, the molecules of mer- 
eurous salts seem to be doubled. Mereurous nitrate, for instance, is rep- 
resented by the formula (HgN0a}2 rather than by HgNOa, and other 
salts have corre,spondinE double molecules. (See also page 83.) 

Mercuric compounds are stable and frequently colorless. Salts of 
the common laboratory acids are soluble and generally separate from 
solution without water of crj-stalJization. 

Mereurous compounds are often unstable and show a decided ten- 
dency to change into the mercuric condition. They are usually much 
les-s soluble than the corresponding mercuric forms. 

Mercury ions are of two types corresponding to the two classes of 
salts, the mereurous ion, (Ilg)a, and the mercuric ion, Hg, being the 
most important. Since the compounds formed by the mereurous ion 
are entirely distinct from the compounds of the mercuric ion, they will 
be treated separately. 



The Mercuric Ion, Hg. 

For the reactions of the mercuric ion, solutions of the sulfate, acetate 
or chlorid may be usetl, but the nitrate is possibly most satisfactory. It 
crystallizes from solutions in the form {Hg(NOa)i)i.HiO. 

The hydroxyl ion, OH, added to a solution containing the Hg ion, 
doubtless forni.s Ilg(Oir); in the first place, but this comiwund breaks 
down immediately into U^O and yellow II gO. TVv\% ■^"e%r\^^^&.^?i ^fcSv. 
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uct differs in color from a red compound having the sarae composition 

formed by heating the metal in air. By boiling with an excess of strong 

alkali, the yellow modification is changed over into the red. Mercuric 

oxid turns black on heating, but becomes red again on cooling. 

If NEf^OH is used as a precipitant, a white precipitate fall.-} in place 

of the yellow IlgO, for the Ilg iou reacts with the NH„ (which is always 

present as a decomposition product of NHjOH) to form complex ions 

of which the mercuric-ami do, HgNHn is the beat known. Its formation 

takes place according to the equation : 

H 

/ 
CI H N— H 

/ / / 

Hg +H— N ^Hg +HC1 

\ \ \ 

CI H CI 

or, writing the ionic equation ; 



Hg + NH,-»HgNHj + H 

Since the salts formed by this ion are more insoluble than HgO, they are 
formed in preference. Mercuric amido-chlorid, HgNII^Cl, taken as a 
typical salt, is white and insoluble in acids. 

The carbonate ion, CO.i, precipitates yellow-brown HgCO,, an un- 
stable compound which, slowly at ordinarj' temperatures, rapidly on 
heating, loses its CO, and becomes HgO. If (NH,).jC03 be used as a 
precipitant, the Hg ion reacts by preference with the NHg present in 
solution becaitse of hydrolysis (see page 76) and the same salt is pre- 
eipit^ated as with NH^OH. 

The snifld ion, S, precipitates black HgS from alkaline and acid solu- 
tions as well. In the presence of considerable acid, especially HCl, a 
white precipitate having the proportionate comjxtsition IIgCL.2HgS first 
falls. On further treatment with H.jS. this pas.ses through yellow, 
orange and red to the black sulfid. 

On heating, HgS sublimes and changes to the red form, cinnabar, the 
siUfid found in nature and known as the pigment "vermilion." 

Mercuric sulfid is insoluble in acids, alkalies and ammonium sulfid. 
It is readily soluble in the sulfida of the "fixed" alkali metals, however, 
according to the equation : 

HgB + K,S-*KJIgS, 
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In concentrated solotion the ions of this double sulfid are K and HgSj. 
On diluting, IlgS, decomposes into the simple ions Ilg and S and IlgS 
is again precipitated. 

By long continued action of hoiling HNOg on HgS, it may be par- 
tially oxidized and form white Hg(N05)3.2HgS. Aqua regia oxidizes 
tlxis white compound as well as the black HgS readily to HgCl, and 
H^SO,. 

The sulfate ion, SO,, causes no precipitate, since HgSO^ is readily 
soluble. With all the mercury salts of acids containing oxygen, there 
is a tendency, more marked in the mercurous than in the mercuric con- 
dition, toward the fonnatiou of insoluble oxysalts of the type HgO. 
HgSO,. In dilute solutions free from acid, the mass action of the water 
causes appreciable hydrolysis of the salts into the weak base, Hg(On)j, 
which decomposes into HgO, as previously discussed. This combines 
with the normal salt to form insoluble oxysalts, which are thus seen to 
be dehydrated basic salts (see page 21). The addition of a little acid 
to the solution prevents the mass action of the water, however. 

The chromate ion, CrO„ precipitates yellow HgCrO^ from concen- 
trated solutions, or possibly a red oxysalt. Both dissolve in the strong 
acids. 

The chlorid ion, CI, causes no precipitate since HgCla, "corrosive 
sublimate," is soluble in about 15 parts of water at ordinary' tempera- 
tures and in less than two parts at 100°. 

The bromid ion, Br, gives no precipitate since HgBr.^ is soluble. 

The iodid ion, I, precipitates yellow Hglj, changing rapidly to a 
red modification. Both forms are soluble in an excess of an alkaline 
iodid forming a complex ion, the alkaline salts of which are soluble. A 
typical salt of the proportionate composition HgL.2KI dissociates into 
K and Hgl^ ions, showing that a new compound has actually been 
formed. An alkaline solution of this salt turns brown in the presence 
of traces of Nllg and, as the "Nessler reagent," is used to detect smaU 
amounts of ammonia in drinking water. All the mercury halids show 
a great tendency toward the formation of complex ions of this .same type 
with the halids of other metallic elements. (See also similar lead salts, 
page 145.) 

The cyanid ion, CN, precipitates white Hg(CN)j from concentrated 
solutions containing the Ilg ion, provided that halogen ions be iiot 
present. If KCN be added to IlgClj, no precipitate falls, owing to tiie 
fonnation of some one of a series of double salts similar to those noti^L* 
above. 
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The mei-euric lialids are of interest bei-aiise of the fact that they 
ionize to a very small degree, a very marked point of diflferenee between 
the behavior of these and of most other salts. Mercuric cyan id separates 
so few ions that a saturated solution conducts the electric current only a 
trifle better than pure water. The tendency toward dissociation is some- 
what greater in the iodid and increases as the atomic weight of the 
halogen deereases. (See footnote, page 20.) 

The stannous ion, Sn, in SnClj solution, causes the precipitation 
of white (HgCl)j or black Hg, depending on the proportions in which 
the reagents are present. The changes are caused by reduction, as the 
Kiuations show: 



2ngCij + SnClj-* (HgCl), + SnCl, 
2Hg + Sn + 2C1 -^ (HgCl } , + Sn 



HgCl^ + SnCl, ^ Hg + SnCI, 
Hg + Sn^Hg + s£ 



The Mercnroufl Ion, (Hg), 
The laercurous ion, (Hg)^, is found in appj 



solutions of the nitrate, (HgN03)2, whicl 



»ble quantities only in 
ie only readily soluble 
compound formed by this ion. It sepaMMB from solutions with two 
molecules of water of crystal lizatioiu^Pkiause of hydrolysis, neutral 
solutions on standing s^irate, a^^^ellow powder, a basic nitrate, 
(HgOH)j(HgN03)„. ^!e formation of this precipitate may be prevented 
by the addition of a little HNOj,. In order to prevent oxidation to the 
mercuric condition, metallic mereury must be present altso, the excess 
of metal maintaining the salt in the lower form. 

The hydroxyl ion, OH, added to a solution containing the mereuroua 
ion, (Ilg)-., probably forms in the first place (HgOH);,, but this immedi- 
ately separates water and precipitates black Hg^O. Merciirous oxid is 
very unstable, however, and soon breaks down into HgO and black Hg. 

With NHjOH, the (Hg); ion reacts analogously to the Hg ion. A 
mercurous amido-chlorid, or other aniido-salt, is first formed which is 
black in color. Like most mercurous salts, it decomposes into the cor- 
responding met^uric compotind and the free metal, as the equations 
indicate: 

H 

/ 
N 

/ \ 
/ H 

Hg -f Hg 

\ 
CI 




Hg-K 



/ 



\ 



Hg-CI 




Hg— 01 

The carbonate ion, Cl)^, precipitates yellow HgjCOj which soon dark- 
ens, owing to deconipasition into HgjO and CO; and then further into 
HgO and Hg. Ammonium carbonate causes the same precipitate as 
ammoniiun hydroxid because of the Ntl^On formed by the hydrolysis 
of the carbonate. 

The sulfld ion, S, precipitates black HgjS. Since mereurous sulfid is 
not stable above zero, it ordinarily decomposes into HgS and Hg. 

The sulfate ion, SO., precipitatps white HgjSO^ which, being some- 
what soluble, may not fall in dilute solutions. 

The chromate ion, CrO^, causes red HgjCrO^ to fall, soluble in HXOj 
but insoluble ia alkaline hydroxids. 

The chlorid ion, CI, causes a granular precipitate of white (HgCl)j, 
soluble in about 300.000 parts of H^O and only a little more soluble in 
acids and alkalies. Mereurous chlorid is known medicinally as calomel. 
It is changed by NHjOH into the black amido-chlorid noted above. 
Aqua regia oxidizes (HgCl)i into the soluble HgClj. 

The bromid ion, Br, precipitates yellowish-white (HgBr),. 

The iodid ion, I, causes green (Hgl); to precipitate. The original 
color soon darkens considerably, owing to the separation of metallic mer- 
cury and the formation of Hgl,, which dissolves in an excess of an alka- 
line iodid. 

The cyanid ion, ON, forms in the first place (HgCN)j, but this imme- 
diately decomposes into Hg(CN)j and Hg. 

The stannous ion, Sn, from SnCI^ solution, at first causfs the precipi- 
tation of (HgCl)j because of the presence of the CI ion. Subsequently 
the Sn ion reduces white (HgCl)i to black Hg. It is itself oxidized to 
. the Sn ion at the same time. (See page 110.) 

E Group 3, First Type. 

Boron 11 ; Aluminum 27.1 ; Scandium 44.1 ; Yttrium 89 ; 

Lanthanum 138,9. 
This group consists of trivalent elements, in nature intermediate 
between the strong base-formers and the strong acid-fotta<Kts„ "i.V<t>K^- 
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drids are \mimportant. The oxicls of the elements with low atomic 
weights are anhydrids of weak acids, while the oxids of the elements 
with higher atomie weights unite with water, only indirectly, to form 
hydros! fls which are weak bases. Compounds are generally colorless 
and stable, and it is only with difficulty that the element may be ob- 
tained from them. 

The first tivo elements only are at all common. The hydroxid of 
boron acts normally as an acid. jUuminnm hydroxid acts characteris- 
tically as a weak base, although it sometimes shows acid properties. This 
striking diflFeronce only illustrates the general nde to be observed in all 
groups, however, viz., that, as the atomic weight rises, base-forming prop- 
erties develop and acid-forming qualities disappear. 



BORON, B — XL 

The element boron is know^n as an amorphous brown powder which 
does not melt at the highest temperature of the electric arc. It dissolves 
considerably in molten aluminum, from which it separates in the form 
of exceeding hard and brilliant crj'Stals that are much less reactive than 
the amorphous modifieatioo. At ordinary temperatures either form is 
stable but, when heated, each bums to the white oxid, BjOj. 

Boron is not appreciably attacked by HCl. Hot concentrated 
HjSOj or HNOj react with it, forming, possibly, a nitrate or sulfate (see 
al.so page 156), but these compounds (if they exist) are completely hydro- 
lyzed into B(OH)_, and the respective acids on diluting the solution. 

Boron acta as a trivalent, acid-forming element, much weaker than 
nitrogen, phosphoroiLS, arsenic or carbon. Its acid properties are more 
strongly developed than those of aluminum, however. The hydroxid, 
B(OH)|„ shows practically no basic properties and, therefore, ia known 
as boric acid. All compounds of boron of any importance are deriva- 
tives of boric acid. 

Compounds of boron give a distinct green color to a flame, provided 
the temperature be sufficiently hot to volatilize them. A Bunsen Hame 
is scarcely hot enough and a blowpipe is needed to develop this color. 
On moistening with H^SO^, most boron compounds will be sufficiently 
decomposed into boric acid to give this reaction, but some silicates con- 
taining boron require the stronger decomposing action of hydrofluoric 
acid. (See page 135.) 

Boric Acid. 

Ortbo-boric acid, HBO,, has such weakly acidic properties that its 
solution conducts the electric current but little better than distilled water 
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and gives only faint rf?aetion to litmus. Its solubilitj' increases rapidly 
\\'ith the temperature and from boiling Bqueoiw solutions, on cooling, it 
separates in gleaming white scales. On heating to 100°, H3BO3 loses 
water, becoming meta-boric acid, HBO„. At 160°, from four molecules 
of HBO2 one molecule of water passes off, forming IIjB^O-, tetra- boric 
acid, which, at a higher temperature, breaks down into the anhydrid 
BjO», a deliquescent vitreous substance. 

On standing with water, all of these dehydration products become 
hydrated again, so that ortho-boric acid is the form ordinarily existing 
in and obtained from solution. 

Salts of ortho-boric acid are not deiinitely knoivii. Tf they exist at 
all, they are decomposed by water into free boric acid and salts of meta- 
and tetra-boric acids. The cxinditious of the e.xperiment determine the I 
character of the precipitate that will fall when a salt of a metal is added 
to a solution containing boric acid ions. From dilute solutions salts of 
the meta- type are precipitated most generallj", independent of the nature 
of the boric acid compound used in making the solution, thus: 

Na3^0, -f- CaClj -f SHjO -> CaCBOj), + 2NaCl + 2H,B03 

Sodium tetraborate, or borax, Na,B,O..10H,O, is the most important 
salt of boric acid. On heating, it intuniesees as the water boils out and 
then fuses to a clear, colorless glass, known as "borax glass." This 
anhydrous borax has the power of dissolving metallic oxids, probably 
forming metaborates, many of which are very characteristically colored. 
A typical reaction might be written : 

Na3.0- + CoO -^ 21faB0,, + Co(BO,)^ 

BonuE-bead reactions furnish important information in blowpipe analy- 
sis, (See page 247.) 

Borates of the alkali metals are soluble in water. Other borates are 
but little soluble in water ; but, being salts of a very weak acid, they are 
readily dissolved by dilute inorganic acids. Ammonium ehlorid has a 
decided solvent action, exerting a strong influence in holding up precipi- 
tates, often preventing their formation even in ammoniacal solutions. 

Borates are readily transposed by boiling with sodium carbonate j J 
barium meta-borate, for instance, giving barium carbonate aud sodium 1 
borate. 

Salts of boric acid, a.s well as the anhydrid, are extremely stable, anc 
are not volatile except at high temperatures. Consequently, on fusion,' 
neither the acid nor its salts are removed or appreclalA'^ siVwivsjaCv. ^-^■^- 
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ously enougrh, however, boric acid is volatile in steam and significant loss 
may occur by the prolonged boiling of an acid sohition before it comes 
to dryness. 

Boric acid unites with the organic base, methyl alcohol, forming a 
salt, methyl borate, which is readily volatile. 



CH,— 0— II 



H— O 



\ 
cn,— 0— H + H— 0— B 

/ 

CIL— O— IT H— 



CH,— O 

\ 
CH,— 0— B + 3H,0 

/ 

CHj— 



Thi.s reaction takes place most satisfactorily in the presence of con- 
centrated sulfuric acid which not only sets free the boric acid, but also 
unites with the water formed during the process, thus preventing a 
reversal of the reaction. On wanning, methyl borate passes off with 
any excess of alcohol. On burning the vapor, methyl borate is oxidized 
to boric acid, carbon dioxid and water, thus: 

2( Cff,),BOa + 90, -» BA + 9ff»0 + 6C0, 

The boric anhydrid thus formed gives the characteristic green boron 
flame. Since, however, the temperature necessary for the development 
of this color is quite high, it is more satisfactoiy to burn the vapor in an 
apparatus which is essentially an improvi.sed Bunsen burner. Into the 
mouth of the test-tube containing a borate, methyl alcohol and sulfuric 
acid, fit a stopper pierced by a glass tube which is drawn to a fine point. 
Support above this orifice a piece of glass tubing two to four inches long 
and a quarter of an inch in diameter, in such a position that when the 
vapors issue from the test-tube in the form of a jet, they will draw into \ 
the upper tube a supply of air. The mixture may be inflamed at the] 
top of the upper tube, the increased amount of air producing a morel 
perfect combustion, and developing a higher temperature, as in the easel 
of the ordinary Bunsen burner. 

When turmeric paper is dipped into a solution containing a borate ' 
acidified with IICI and is then dried at the temperature of boiling water, | 
the yellow color of the turmeric paper is changed to pink or red. Alka- 1 
line solutions change the red to a greeni.sh-black color. 

The barium ion, Ba, precipitates from solutions containing the borate J 
ion, white, fjuccy barium meta-))orate, Ba(B02)2. It is readily soluble | 
in acids and iu anuuonium chlorid. 

The silver ion, Ag, precipitates white silver meta-borate, Ag(BOjj}t. 
noluble in dilute nitric acid and and in ammonium hvdroxid. 




ALimrNUM. 
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ALUMIiroM. Al — 27.1. 

Aluminum is a light, silver-white, malleable metal. It is apparently 
not acted on by the atmo.-^phere but, in reality, a thin compact coating 
of aluminum oxid is readily formed which, being very resistant to chem- 
ical agents generally, protects the metal from further action. 

The metal dissolves readily in HCl and slowly in HjSO^. In HNO, 
it is not appreciably soluble, however. This is possibly due to the oxi- 
dizing action of IINO3, resulting in the formation of a protective coating 
of Al^Oa- In solutions of the strong basic hydroxids, the metal di.ssolves 
with the liberation of hydrogen and formation of alkaline aluminate-s 
(See also page 102.) 

2A1 + 6NaOH -* 2Na,A10, + SH, 

With the exception of magnesium and the alkali metals, no element 
shows a greater tendency to pass into the ionic condition. Under appro- 
priate conditions, practically all the other metals are precipitated from 
solutions of their salts. On the other hand, no metal or other reducing 
agent is able to precipitate aluminum from solutions of its salts. Even 
in the "dry way," the reduction is accomplished only at very high tem- 
perature and with considerable difficulty. 

Aluminum oxid, "alumina," ALO„, is a firm, white substance which, 
after strong heating, becomes very resistant to acids and requires fusion 
with an alkaline carbonate or acid sulfate to get it into solution. In 
nature, it occurs as the minerals, corundum or emerj', and when clear and 
colored slightly with other oxids, as the genis, sapphire and ruby. 

Aluminum compounds are generally colorless. The salts of the 
common laboratory aeid.-s are all soluble and they hydrolyze decidedly 
in solution, since aluminum is a very weak base-forming element. To the 
fact that chromium and iron exist in the trivalent condition also and act as 
verj' weak base-forming elements is to be attributed largely the similar 
solubility relations because of which these three metals are cla.s.sed to- 
gether in qualitative analy.'ris. A comprehensive survey of the proper- 
ties of each element will not demonstrate any close relationship be- 
tween aluminum and chromium and iron. 

Heating before the blowpipe on charcoal with Na,COj produces 
only the oxid. If this be moistened with a drop of dilute CoCNOg) and 
reheated, a bright blue color, Thenard's blue, appears. Cobalt nitrate, 
like all nitrates, is decomposed on heating and forms the oxid which 
unites with Al,Oj to form the blue compound which is probably cobalt 
meta-aluminate, Co(A10,Ji. With the exception of the phosphate atid 
silicate which require NajCO, to decompose Wero., ^ v\\aKN:w««». -s^Aa. 
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break down into Al^Oj on ignition. Except with the phosphate and 
silicate, therefore, this test may be made more satisfactorily by beating 
on porcelain or platinum without NajCOa- 

Of aJuminum ions the only kathion is Al. The metal enters as a con- 
stituent in certain anions of which the ortho-aluminate ion, AIO3, and the 
meta-aluminate ion, AlOj, are the most important. 

A solution of any of the ordinary soluble stilts of aluminum will serve 
satisfactorily for the study of the reaction of the Al ion. The doulde 
sulfate of potassium and aluminum, ordinary alum, may also be used. 

The hydroxyl ion, OH, precipitates white, gelatinous A1(0H)b, which 
ghowa considerable tendency to form colloidal solutions. This is readily 
prevented by the presence of ammonium salts, however. When first 
precipitated, the hydroxid is readily soluble in dilute acids but, on stand- 
ing in the solution, becomes less and less soluble, probably due to partial| 
dehydration, for the oxid is much less soluble than the hydroxid. The 
properties of the naturally-occurring hydroxids confirm this supposition. 
HydrarwiUite, Al(OH)g, is readily soluble in hot HCl but beauxite, 
ALO{OH),, and diaspore, AIO(OH), are insoluble in the same solvent, 

Ahiminpm hydroxid possesses weak acid as well as basic properties 
(see page 2*2), and will dissolve in solutions of the strong alkalies, form- 
ing aluminates of which two types are recognized. 

Na— 

\ 

Na— 0— Al Na— 0— Al = 

/ 
Na— 

Sodium ortho-alumlnatc. gndlom mets-atumlnate. 

Ammonium aluniinate apparently exists, for Al(OH)j will dissolve 
somewhat in NH^OH. The ammonium salt hydrolyzes very greatly and 
precipitates A1(0H),„ especially on warming. This action is favored 
by the fact that NH^OH decomposes under these conditions into NHj and 
H,0 and may be boiled off. This reduces the amount of NH^OH below 
the concentration necessary to maintain equilibrium, hence the reaction 
ceases to be reversible and all of the aluminum may be precipitated from 

solution. 

(NHJ ,A10, + SHjO --» A1(0H)3 + 3Xn^ + 3H,0 

The analogous precipitation of AUOII)^ from solutions of sodiiira 
or potassium aluminate can not be accomplished, for the A1(0H)3 and 
alkali, as fast as formed, interact to regenerate the aluminate again. 

Na^AlOj + 311,0 «^ AKOH) , + 3NaOH 





By adding sufficient ammonium salt to the solution, however, am- 
monium aliiminate and a sodium salt are formed, and AKOH), is then 
precipitated. 



Na^AlO, + 3NH,C1 



(NHJ,A10, + 3NaCl-j. 

A1(0H)3 + 3NH, + 3H,0 + 3NaCl 



Cobalt meta-aluminate is probably the compo\md formed by heating 
CoO with AljOg. It is blue in color. Aluminates of calcium are among 
the compounds formed when Portland cement "sets." 

In the presence of tartaric, citric, malic and other acids, sugars, 
starches and organic compounds containing the hydroxyl radicle, 
Al(OH)j is not precipitated, owing to the formation of compounds which 
produce stable complex ions and not the simple Al ion. Hence organic 
matter in general must be removed, usually by ignition, before ahuniniun 
can be precipitated bh the hydroxid. (See also pages 193 and 224.) 

The carbonate ion, CO,, precipitates AUOH),, this product being 
formed by complete hydrolysis of the carbonate which is probably the 
substance first formed. 

The aulfld ion, S, produces no precipitate in acid solution, for Al^S,, 
formed only in the "dry way," is soluble in acids and is completely hy- 
drolyzed by water into the hydroxid and II^S. Hence on introducing the 
S ion into solutions alkaline with NH^OH, aluminiun hydroxid is pre- 
cipitated. 

The sulfate ion, SO,, produces no precipitate, for the sulfate, 
AljCSO,),, is readily soluble. This salt, like all the common soluble 
salts of aluminum, deliquesces greatly and, therefore, can not be well 
preser\'ed. The double sulfate of aluminum and potassium, Al, (804)0, 
KjSOj.24HjO, does not deliquesce, is very soluble (in about 15 parts 
H,0 at ordinarj' temperatures and less than one-third part H„0 at 100° ) 
and is by far the most imiwrtant salt of aluminum iu the industrial 
world. It is to be regarded as the potassium salt of an alwminum-sulfurie 
acid and its formula is probably more correctly written KA](S04)i. 
12H;0, In concentrated solutions, it doubtless forms complex ions 
(pos-sibly AKSO^),) to a slight extent, but these are so unstable in dilute 
solutions that only K, Al and SO^ ions are in evidence. Hence an 
"alum" solution gives all the reactions of the Al ion. 

The term, "alum," is used to de-signate a class of compounds of 
similar composition, all of which crystallize in the same form from 
solution. In place of aluminum, trivalent chromium, iron and iaa.ix<5La.- 
nese mav be substituted. Sodivim, araTnowiwTa ^^i «'^!^>« ^w\s^i^*s^^.^ 
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metals may replace potassium, while sulfur may be similarly substituted 
by the rarer elemeiits, tellurium and selenium. 

The chlorld ion, CI, produces no precipitate, as aluminum clilorid, 
like other halids, is very soluble. The crj'stallized salt, AlCla.GHjO, will 
dissolve in about one-fourth of its own weight of water. As an illustra- 
tion of the strong tendency of ahmiinum salts to hydrolyze, it may be 
stated that a solution of AlCl, will, on evaporation, leave Al{OH)j 
entirely. The equilibrium in this case is prevented by the volatility of 
HCl which passes ofif with the water vapor. "With salts of non-volatile 
acids, the introduction into the solution of some reagent, such as BaCOj, 
•that will lower the concentration of the free acid formed by hydrolysis, 
is sufficient to cause the reaction to run to completion. 

The cyanid ion, CN, precipitates A1(0H)3 because of hydrolysis. 
No cyanids of triralod metals are known. 

The phosphate ion, P0<, precipitates white AlPO^, readily soluble 
in dilute mineral acids. Like chromiiun and ferric phosphates, it is 
insoluble in acetic acid and, by this means, may be separated from the 
metals forming Groups III and IV of the qualitative analysis scheme. 
Like aluminum salts generally, it is readily soluble in the strong alkalies, 
forming alkaline aluminates and phosphates. 

The acetate ion, (C^H^O,), produces no precipitate, as aluminum ace- 
tate, AUCjHjOm),, is verj'^ soluble. By boiling a dilute solution the salt is 
about two-thirds hydrolyzed, and a precipitate is formed having approxi- 
mately the proportions indicated by the formula, 

OH 

/ 
A1~0H 

\ 

It is known as a basic acetate (see also pages 194 and 226). On cooling 
the solution, the precipitate dis-solves in the acetic acid formed by the 
hydrolysi.s. It is thus a distinctly reversible reaction with the equilibriiua 
much modified by changes of temperature. 



Group 3, Second Type. 
Gallium 70; Indium 115; Thallium 204.1. 

The members of this groiip are trivalent elements, in general rescm- 
ibling the other type, althoujrh they pos,ses8 rather more metallic proper- 
ties. As all of them are very rare substances, they will not be eon- 
jJderetl in detail. 



W Group 4, First Type. 

I Carbon 12; Silicon 28.4; Titanium 48.1; Zirconium 90.6; 

W me 

I sili 

W of 
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Cerium 140; Thorium 232.5. 



I 



This group, as a whole, is of intermediate character, possessing neither 
metallic nor non-metallic properties in a marked degree. CarVion and 
silicon only are of common occurrence and, since they are the nipmhers 
of lowest atomic weights, they show rather more non-metallic properties 
than the other rarer elementa. Typical compounds are colorless and 
contain the element in the tetravalent condition. Compounds in M-hieh 
the element exhibits divalenee are well known, however. Beginning 
with this group, the hydritls become of importance. They are neutral in 
character and do not unite with water. The oxids of the lower members 
are the anhydrids of very' w'eak acids. The oxids of the other elements 
unite with water to form hydroxid.'i, the higher ones acting as bases and 
those of medium atomic weights showing either aeid or basic properties, 
depending on the environment. Compounds of these elements are strik- 
ingly similar in composition and, bearing in mind constantly the normal 
variation to be expected within each group, in properties also. 

CARBON. C — 12. 

The element exists in at least three allotropie modifieations. 

Diamond is the form obtained by erystalli ration at high temperatures 
under great pressure. It is usually clear and colorless, is the hardest 
known substance and is verj- resistant to all chemical action. 

Graphite is a soft, gray-black substance, existing in the form of 
ci^'stalline scales, which is almost as resistant to chemical action as 
diamond. 

Amorphous carbon is known in the various forms: charcoal, coke, 
gaa-carbon, bone-black, and soot or lampblack. All of these bodies are 
quite resistant, but not to the same degree as diamond and graphite. 
None of these ailotropic forms melt under atmospheric pressure but, 
when heated to the highest temperature of the electric arc or furnace, it 
ia just possililc to make tliem sublime. All modifications may be made 
to unite with oxygen, i. e., burn, by being strongly heated. The great 
ease with which carbon is oxidised makes it one of the best reducing 
agents for high-temperature reactions. In the form of coke or charcoal, 
it is much used to obtain metals from their ores. Carbon monoxid is a 
product of incomplete combustion but the dioxid is the final product. 

Carbon monoxid, CO, is a colfirlcs.'i, poisotions pas. Intt little soluble 
in water. It unites with oxygen rcawUly al VVv'W^ ^.^vtv^^-^^-wt^a. Vsi-c^.- 
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ing the dioxid, thus acting as a good reduciog agent. It hums with a 
hlue flame. 

Carbon dioxid, CO^, is a colorless gas with a slight pungent odor and 
feebly acid taste. It is half again as heavy aa air and fairly soluble inj 
water, one volume of water dissolving somewhat more than an equal! 
Tolume of gas. The solution has a slight acid reaction, henee carbon 
dioxid must be regarded as an acid anhydrid. It may be removed en- 
tirely from solution hy boiling, however. 

Carbon disulfid, CSo, is an analogous body formed by direct union 
of the elements at a high temperature. It is a heavy liquid with a slight 
yellow color, boiling at 46°, and is practically insoluble in water. It is 
a good solvent for fats and oils and also for bromin, iodin and some other 
inorganic substances. It is quite volatile at ordinary temperatures and, 
as its vapors form an explosive mixture with air, it should never be usedj 
near a flame or heated substance. 

The compounds of carbon show that it acts as a weak acid-forming 
element, being for the most part tetravalent, although in certain com- 
pounds, which are more or leas unstable and oxidize readily, it appears 
divalent. It unites with mrat metals to form carbids, many of which 
are decomposed by water or dihite acids with the liberation of hydrids.j 
The chief characteristic of carbon is the almost limitless number of com- 
pounds which it forms with hydrogen, oxj'gen and a few other elements,, 
These compounds constitute the field of organic chemistry which hais 
come to mean simply the chemistry of the carbon cotnpounds. The vari- 
ation of properties found among these bodies is almost as great as that 
encountered in the inorganic world. Organic compounds are generally 
less stable, however, and, on beating out of contact with air, they decom- 
pose (juite generally into carbon and other substances. "When heated in 
the air, they burn to CO,, Kfi and other oxidation products. 

Compounds of carbon with hydrogen only are of several distinct 
classes, of which ethane, C^H^, ethylene, CnH^, acetylene, CiHj, benzene, 
CaHj, and naphthalene, C,oHg, are the more important types. They are 
the hydrids of carbon commonly known as hydrocarbons. Certain com- 
binations or radicles, such as CII^ — , C^Hn — , etc., unite with other ele- 
ments to give compounds analogous to those of the inorganic realm. 

Organic oxida, compounds of these radicles with oxygen, are known 
as ethers. Of this class, ordinary ether, Call, — — CjIIj, is the most 
important. 

Organic hydroxids are known as alcohols. Of these, wood alcohol, 
CH^OII, ordinary or ethyl alcohol, CJl^OH, and amyl alcohol, CjH„OH, 
sre the njfjst important. 




CAKBON ACIDS. 

Organic acids contain the group — 



// 

— C 
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OH 

No acid of carbon is as strong as the eomnion mineral acids. Some, how- 
ever, dissociate to a greater degree than weak mineral acids, such as boric 
and silicic acids. 

Carbonic, acetic, oxalic and tartaric acids are most important and 
have the composition and structure indicated by the formulae: 
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Carbonic acid. 


Acetic acid. 


Oiallc Mid, 


Tortiirlc acid. 



Organic salts are formed by the interaction of an organic acid with 
an organic hydroxid or alcohol. They are known as esters and are 
characterized by sweet, agreeable odors. Many of the perfumes and 
flavoring extracts in general use belong to this class of compounds. 

The acid compound.s of carbon are of chief interest in analytical 

chemistry and the most important of these will be considered in greater 

detail. 

Carbonic Acid, H,CO,. 

Of the more common acids of carbon, carbonic acid is the weakest and 

most unstable. It has never been obtained free, since it immediately 
decomposes into water and the anhydrid, COj, That it docs exist to a 
slight extent in aqueous solution, however, is indicated by the fact that 
carbon dioxid, passed into water, gives to it a slight acid reaction. 
Toward metallic hydroxids, it acts as a dibasic acid, forming salts of 
most of the metals, carbonates of arsenic, antimony, tin, chromium, alu- 
minum and ferric iron alone being rare or unknown. Although more 
stable than the free acid, with the exception of the salts of the alkali 
metals, all carbonates are decomposed on heating into CO^ and an oxid 
of the metal. Carbonates of the alkaline earths are most difficult to 
decompose, in this as in other ways showing their close relation, ta Oiiss. 
alkali metals. Ammonium carbouate ^s \'o\a,\>\fc. 
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All normal carbonatea, with the exception of those of the alkali met- 
als and ammooium, arc comparatively insoluble in water, but are readily 
decomposed by dilute acids. Oa treatment of a carbonate with any 
stroiijfer acid, carbonic acid is set free and breaks down to a large extent 
into the anhydrid, COj, which passes out of solution. On boiling, the 
decomposition is completed and all carbon dioxid may be removed. 

If COj gas is passed into water containing insoluble carbonates of 
the elements of the alkaline-earth group (Ba, Sr, Ca, Mg) held in sils- 
pension, the precipitate dissolves, probably forming acid carbonates of 
the type CaH,(C03), (see page 95). These acid salts are soluble but 
are decomposed, on boiling, into the normal carbonate, water and carbon 
dioxid. The only acid carbonates known in the solid state are those of 
the alkali metals. 

The barium ion, Ba, when brought into contact with the carbonate 
ion, CO3, give.s a tloccy white precipitate, BaCOj, which, on long standiug 
or boiling, becomes crystalline. (See page 99.} 

The silver ion, Ag, precipitates yellowish-white Ag^COj. Like most 
silver salts, it is readily soluble in NH^OH. Like all carbonates, it dis- 
solve readily in HNO3. 

Acetic Acid, H(C.H,OJ. 

Acetic acid is a well-known monobasic acid of carbon. Since it is 
by no means as strong as the ordinary mineral acids, it may be set free 
from its salts by them. It mi.xes with water in all proportions and boils 
at 118°. Its salts, like the salts of organic acids generally, are decom- 
posed by heating into carbonates. Hence, on ignition, the free acid may 
be volatilized and its salts destroyed. Fusion with ammonium nitrate 
oxidizes it comijletely. 

All normal acetates are soluble in water, and are transposed by 
boiling with sodium carbonate. 

The common anion is (C^HjOj). 

The barium ion, Ba, produces no precipitate. 

The silver ion, Ag, produces no precipitate except in concentrated 
solutions when white Ag(CaIl302) falls. It is soluble in abont 100 
parts of II.jO at ordinary temperature. 

The ferric ion, Fe, added to a neutral solution of an acetate produces 
a deep red color, due to the formation of ferric acetate, FeCCalljOj),, 
which, on abundant dilution and boiling, hydrolyzes partially, forming 
a precipitate of basic ferric acetate, Fe(CaH30a) (OH)j, indistinguish- 
abJe in appearance from ferric hydroxid. (See page 226.) 



OXAXiATES. 



123 



Ethyl alcohol iinites with acetic acid to form ethyl acetate (see page 
2'1}, a cumpouncl characterized by a peculiar sweet, ethereal odor. With 
amyl alcohol a similar compound is formed which has the familiar 
banana odor. The formation of these compounds takes place most 
satisfactorily in the presence of concentrated sulfuric acid which should 
be warmed. Heating should be avoided, as hot concentrated sulfuric 
acid acts as axi oxidizing agent (see page 187) and the sulfur dioxid 
formed will make the ethereal odor very difficult to detect. 

Oxalic Acid, H,C,0,. 

Oxalic acid is a conunoii dibasic acid of carbon, readily formed by 
the oxidaliun of organic matter with nitric acid. Since all organic acids 
are of much the same nature, it suggests acetic acid in some of its reac- 
tions. It is a w'hite solid, readily soluble in water, from which it crys- 
tallizes with two molecules of water of crystallization. It is the strongest 
of the common acids of carbon, dissociating more than phosphoric but 
less than sulfuric aciils (see page 16). On heating, it does not melt but 
sublimes readily. Its salts are generally not volatile and, when heated, 
they break down in carbonates. Hence, by ignition, the free acid may be 
removed and its salts destroyed. 

Concentrated ILSO,, on heating, decomposes oxalic aeid into water 
and equal volumes of earlren monoxid and dioxid. 

H„C,0, -^ 11,0 + C0-\- CO^ 

Oxalic acid may be readily oxidized to COj and water, by fusion 
with ammonium nitrate or by treating its solution with a permanganate. 
Each molecule of oxalic acid absorbs one atom of oxygen and the reac- 
tion is therefore equivalent to the oxidation of CO to COj (see page 47). 

All oxalates are fairly insoluble with the exception of the salts of 
the alkali metals and of magnesium. They are readily soluble in dilute 
mineral acids, but not, as a rule, in acetic aeid. In the presence of an 
excels of oxalic acid or an alkaline oxalate, soluble complex salts tend 
to form in many instances. 

All oxalates, are readily transposed by sodium carbonate, with the 
exception of salts of cobalt, nickel, manganese and zinc, which reqtiire 
long boiling. 

The common ion is C70,. 

The calcium ion, Ca, causes a fine white precipitate of CaC20,.2HjO 
which is exceedingly insoluble in water and dilute acetic aeid. Being 
more insoluble (see page 97) than any other salt of calcium that will 
fall in the presence of acetic acid t^see \)&%vi 'lfe\^ , c,1!&.wxkv 'a-vji««^.<t ^^S^^ 
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precipitated when a solution containing oxalate ions is treated with a 
solution of calcium sulfate. 

The barium ion, Ba, precipitates white BaC^O^, soluble in dilute 
acids, even acetic acid. 

The silver ion, Ag, precipitates white, curdy silver oxalate, AgjC^O^, 
soluble in HNO, and in NH.OII. 

TarUric Acid, H,(C.H,0.). 

Tartaric acid is another well-known, dibasic acid of carbon. In a 
general way it resembles the carbon acids already considered. It is a 
colorles.s solid, melting at 107". readily soluble in water from which 
it cr^'stallizes anhydrous. Unlike arctic and oxalic acids, free tartaric 
acid is not volatile, but is decomposed on heating with the separation of 
carbon and the production of an odor like that of "burnt suyrar. " This 
reaction, known as "charriiuj," is common to non-volatile organic matter 
in general, and, as the phrase signifies, the "burnt sugar" odor is not] 
peculiar to tartaric acid. 

Hot concentrated sulfuric acid produces these same phenomena w^hen 
brought in contact with many forms of organic matter, the concentrated 
acid aiding the decomposition by the abstraction of water. In addition^] 
sulfur dioxid may be liberated. This gas is a reduction product of sul- 
furic acid which gives up its o.\ygen to the organic matter to form carbon 
dioxid and water, while HjSOj becomes H.jSOj, sulfurous acid. The 
latter, being un.stable, separates its anhydrid, SO,, which is volatile. 
Reduction of hot concentrated sulfuric acid is characteristic of organic 
matter in general. 

Tartaric acid, like oxalic acid, is readily oxidized, either by fusion 
with ammonium nitrate or, in the "wet way," by permanganate. Carbon 
dioxid and water are the ultimate products of the oxidation but, in the 
"wet way," the reaction does not under all conditions run to the end. 

Salts of tartaric acid are readily broken down on heating into car- 
bonates of the metal, carbon dioxid, water and free carbon. 

Tartrates of the alkalies, except acid potassium and acid ammonium 
tartrates (see pages 73 and 78), are readily soluble in water. Most 
other tartrates are quite insoluble but are dissolved on the addition of 
dilute acids. 

All tartrates are transposed by boiling with sodium carbonate. 

The common ion is (C,S^O„). Several complex anions are recog- 
nized which contain within them metallic elements such as copper, iron, 
aluminum and chromium, (See pages 81, 224, 117, 193.) 




TARTRATES. 



125 



The barium ion, Ba, added to a neutral solution containing the tar- 
trate ion, produces a white fioeculent pi-ecipitate of barium tartrate, 
BaCCiH^O,}, soon becoming crystalline. It is readily soluble in an ex- 
cess of an alkaline tartrate, produeinjsr soluble double tartrates. It dis- 
solves readily in acetic and other aeids, and in strong alkali solutions 
forming the soluble double tartrates just mentioned. 

The calcium ion, Ca, acts similarly to the barium ion. Although cal- 
cium tartrate, Ca(C<H,0(,), requires more than 5,000 parts of water for 
its solution, at ordinary temperatures it readily forma supersaturated 
solutions, from which the insoluble salt precipitates only on standing. 
Ammonium salts, especially the chlorid, tend to hold up the precipitate. 

The silver ion, Ag, precipitates silver tartrate, Ag^{CJ:l,0^), from a 
neutral solution. It is readily soluble in dilute acetic acid and ammo- 
nium hydro.xid. Wlien the precipitated silver tartrate is dissolved in a 
few drops of ammonium hydroxid and warmed, the salt decomposes, pre- 
cipitating metallic silver in the form of a brilliant mirror on the sides 
of the test-tube. 

Oyanogen, (CN),. 

Under the influence of the electric arc, carbon and nitrogen can be 
made to unite, forming cyanogen, (CN)^, so named because of the deep 
blue color of some of the eompoiuids it forms. Cyanogen is a colorless, 
poisonous gas with an odor or taste like "bitter almonds," burning with 
a characteristic lavender-pink flame. It is soluble in water. It unites 
with yellow ammonium sulfid according to the equation : 

(NHJ,S.S+ (CN),^2{NHJSCN 

In this way it may be changed into a thioeyanate and tested for, as 
directed on page 292. 

Cyanogen resembles in a general way the less active members of the 
halogen group. Like chlorin, it reacts with solutions of the alkalies 
giving analogous compounds. 

CI, + 2K0H -^ KCl + KOCl (CN), + 2K0II -^ KCN + KOCN 



Like the halogens, also, it forms a compound with hydrogen which is 
acid in nature. 

Hydrocyanic Acid, "Prmisic Acid," HON. 

Hydrogen cyanid is a colorless liquid with an odor like "bitter al- 
monds." It boils at 26" and freezes to an ice-like solid wlu<A\ xmsSv^s. vis. 
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— 14°. It is readily soluble in water. Although showing unmistakable 
acid reactions, it stands near the extreme limit of the weak acids, disso- 
ciating so little in aqueous solution that the 11 ions can scarcely be de- 
tected by litmus paper. It is unstable in solution, uniting with water 
to form formic acid, H(COOII) and ammonia, which tend to neutralize 
each other. 

nCN + 2H0H->H(C00H) +NH3 = nC00(NHJ 

The cyanids are a well-characterized series of salts of which the al- 
kali, alkaline earth and the higher form of mercury are soluble iu water. 
Some are soluble with difficulty. Others are so highly insoluble that 
they are not dissolved by dilute mineral acids, contrary to the general 
rule for salts of weak acids. Cyanids of metals with a valence greater 
than two are miknawn (except in complex salts). 

All cyanids are decomposed by hot concentrated sulfuric acid with 
the fonnation of sulfates. Some IICN is usually liberated but much 
is decomiKJsed into CO and NH, according to the reaction : 

Pe(CN), -f 2H2SO, + 2H,0 ^ FeSO, + (NH,)2S0, -|- 2C0 

All cyanids are transposed by boiling with sodium carbonate. 

Soluble cyanids hydrolyze to a great extent in solution because HCN 
is sucb a weak acid. On standing in the atmosphere, carbon dioxid if 
absorbed and carbonates of the metals residt. Furthermore, decomposi- 
tion of the hydrocyanic acid formed by the hydrolysis takes place, as 
already noted. 

On heating out of contact with air, cyanids of the alkali metals fuse^ 
iinehangf'd, while insoluble cyanids are converted either into (1) cyano- 
gen and the metal, or (2) into a metallic carbid and nitrogen, or (3) 
entirely decomposed into their elements. 

Cyanids are readily oxidized and are frequently used as reducing 
agents in lilowpipe reactions. Each molecule of cyan id absorljs one 
atom of oxygen, as shown in the equation : 

2KCN + 0, -^ 2K0CN 
In alkaline solution, yellow ammonium sulfid or other reagent containing 
free sulfur oxidi/.es a cyan id to a tbiocyanate. Since the ferric ion gives 
a deep red color with tlie tbiocyanate ion due to the fomiation of ferric 
thiocyanate, Fe(SCN),, this procedure offers a good test for cyanids. 

Many insoluble cyanids are soluble in solutions of alkaline cyanids, 
forming comple.it cyanid.s. Since many of these solutions respond but 
slightly or not at all to tests for the heavy metal present in them, indi- 
cating a great reduction in the concentration of the heavy metal ions, 
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if not their entire absence, it is incorrect to consider these solutions as 
mixtures of the two cysoids. New compounds are formed — complex 
cyanids — dissociating into complex ions containing cj'anogen united with 
Iieavy metals in various proportions. Four different types are well rec- 
of^nized, the metal and its valence being indicated by M-, M=, and 
M-: K- (M-C,N,), K,=(M=C,NJ, K,- (M = C,N„), K,s(M=C,N„). 
These bodies dissociate as salts of mono-, di-, tri- and tetrabaisic acids 
as indicated, the heaw metals being contained in the complex anion J 
and not existing jn the form of simple kathions. These complex ions] 
possess different deprees of stability and tend to decompose, more or 
less, into simple ions, equilibrium between the simple and complex ions 
being reached at different stages in the decomposition process. 

The acids corresponding to the first two of the above types are sol 
unstable that they decompose immediately into cyanids of hydrogen and 
the metal. Consequently, when salts of these types are acidified, hydro- 
cyanic acid is liberated and the insoluble cyanid precipitated. To this 
class belong K(Ag-aN,), K(Au-C,N,). K(Cu-C,NJ. I^{ng = 
C,NJ, K,(Cd = C,NJ. K,(Ni = C^NJ and K,(Zn = C,NJ. The differ- 
ent degrees of instability and of decomposition into simple metallic ions 
are illustrated by the different action of hydrogen sulfid on these salt-9, 
the precipitation of the sulfida taking place in proportion to the concen- 
tration of metallic ions present. From solutions of the silver, mercury 
and cadmium salts, the corresponding sulfids are precipitated practically 
completely; zinc salts give only a partial action while nickel salts give 
no precipitate at all. 

Compounds of the third and fourth types are generally more stable. 
Although Kj = {Mn = C„N„) and K^ = (Co = C„N„) are decomposed by 
acidifying, yet n,« (Co a C,N„), H,=(Fe»CX) and H,E(Fe = C,N,) 
are sufficiently stable to be isolated from solution. The complex iron 
cyanids are most important and will be considered in detail. {See 
pages 130 and 131.) 

The simple cyanid ion is CN, for the reactions of which a solution 

of an alkalino cyanid serves most satisfactorily. 

The barium ion, Ba, causes no precipitate. 

The silver ion, Ag, precipitates yellowish-white AgCN, soluble in 
anunonium hydroxid and alkaline cyanids, but insoluble in nitric acid. 

The ferrous ion, Fe, when introduced into a neutral or alkaline solu- 
tion containing the CN ion, reacts slowly in the cold, but rapidly on boil- 
ing, to form the coniple.'i ferrocyanid ion, (FesCgNg), according to 
equation : 

6KCN 4- FeSO, -» K, ( Fe = C.N J -V ^■.^<^ v 
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or written ionieally 

This affords a very delicate means of detecting the CN ion since the 
ferroeyanid ion, when treated with the ferric ion, precipitates deep-blue 
ferric ferroeyanid, Pe^(Pe = C„N,),, (See page 294.) 

Crank Acid, HOCN. 

Subjected to the action of oxidizing agents, salts of hydrocyanic acid 
take up oxygen, fonning cyanates. Cyanic acid, HOCN, is a liquid with 
a very strong odor. It is stronger than hydrocyanic acid but not so 
stable, as it cannot exist in contact with water, but is broken up into 
earboQ dioxid and ammonia. 

HOCN + HjO ^ NHa + CO^ 

Therefore, if dilute solutions of cyanates are treated with acids, car- 
bon dioxid is the pas which is for the mtfet part liberated, since ammonia 
unites with the excess of acid and remains in solution. Prom the fact 
that the cyanates evolve COj (possibly some undecomposed HOCN also) 
when treated with aeids, they may be readily distinguished from the 
cyanids, which evolve HCN.* 

The salts of cyanic acid, in sharp contrast to the instability of the 
free acid, are very stable even on heating. The alkali and alkaline earth 
salts are readily soluble ; the silver, copper and lead and lower form of 
mercnrj' salts are highly insoluble, other salts being soluble with diffi- 
culty. All cyanates are soluble in dilute mineral acids and are trans- 
posed by boiling with sodium carbonate. 

When a not too dilute solution of a eyauate is treated with cobalt 
acetate, a blue color appears, dtie to the formation of potassium cobalto- 
cyanate, Kj(CoO^C^N4}. In dilute solutions, this complex cyanate sepa- 
rates into the simple cyanates, and the bine color vanishes, to reappear 
on the addition of more cyanate or of alcohol which prevents the decom- 
position. This reaction is given by thioeyanates as well, but not by 
cyanids, nor by cyanates in the presence of cyanids. 

The barium ion, Ba, gives no precipitate. 

The silver ion, Ag, precipitates white, curdy silver cyanate, AgOCN, 
which, like silver cyaoid, is soluble in ammonium hydroxid. Unlike sil- 
ver eyanid, it is also soluble in dilute nitric acid. 

• Commercial potassium eyftnid usually containB potassium eyanote. 
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ThiocTsmic or Snlfocyanic Acid, HSCN. 

Thiocyanic acid is readily formed by the action of sulfur on the 
cyauids of the alkali metals (see page 126). It is a volatile liquid, 
B. P. 85°, iu general closely analogous to cyanic acid, but is much less 
readily decomposed by water. Its salts are more stable. The thiocyan- 
ates of the alkalies fuse unchanged out of contact with air, showing ' 
various colors, yellow, green, blue, as the temperature rises. On cooling 
they become white again. Thiocyanates of the hea\'y metals decompose 
on fusion into sulfates. Mercurous thiocyanate swells up tremendously 
on heating. Advantage is taken of this property in making the "Pha- 
roah's serpents" frequently frmrid among pyrotechnics. 

Both the acid and its salts are readily oxidized. Heated in the air, 
thiocyanate are converted in eyanates and sulfates. 

KSON + 20i + Hfi -* KHSO, + HOC}i 

The same reaction takes place in alkaline solution but, in the pres- 
ence of acid, sulfuric and hydrocyanic acids are the usual products. 

In HSCN three acid-forming elements are united together. This ^ 
combination results in the production of one of the strongest known 
acids. In solution, it is dissociated quite a.? completely as hydrochloric 
or nitric acids. 

Thiocyanates are generally soluble, with the exception of the salts ^ 
of silver, lead, mercury and copper, all of which are transposed on boU'- 
ing with sodium carbonate. 

The common ion is SCN, although complex ions are known. 

The barium ion, Ba, gives no precipitate. 

The silver ion, Ag, precipitates silver thiocyanate, AgSCN, a white, 
curdy precipitate, soluble in ammonium hydroxid but not in nitric acid. 
It is readily soluble in an excess of an alkaline thiocyanate, forming a 
complex salt. 

The ferric ion, Fe, produces a deep red color in dilute hydrochloric 
aeid solutions, due to the formation of ferric thiocyanate, Fe(SCN)[,. 
The color becomes more intense in the presence of an excess of either salt. 
On addition of mercuric chlorid, the color vanishes, due to the formatiou 
of a colorless complex mercury salt of thiocyanic and hydrochloric acida. 

• 2Fe(SCN}, + 6HgCl, ^ 2FeCl, + 3(He(SCN),.HgCL) 
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Ferrocyank Acid, H,(F6=:C^.). 

Ferrocyanic acid is a white crystalline solid acting as a fairly strong 
tetrttbasie acid, readily soluble in water, oxidizing and decomposing 
slowly in solution on exposure to air. All of its salts are more stable 
than the free acid. The alkali and the alkaline earth metals form readily 
soluble salts, the solutions of which react neutral to litmus. Salts of 
other metals are generally highly insoluble and do not dissolve in cold 
dilute mineral aetds. At the boiling temperature, dilute sulfuric acid 
of fair concentration slowly decomposes them with the liberation of hy- 
drocyanic acid. Hot concentrated sulfuric acid breaks down all ferro- 
cyanids and sets free carbon monoxid, according to the equation : 

K,(Fe=C,NJ + 6H,S0, + 6H,0-» 

FeSO, + 2K,S0, -f 3(NH,)„S0, + 6C0 

Some ferrocyanids are not readily transposed by boiling with sodium 
carbonate and require the stronger action of the caustic alkalies. 

Fe,(Fe = C„N,) +4K0H^K,(Fe = C,NJ + 2Fe(0H), 

On ignition ail are decomposed into the simple cyanid^ which then act 
individually. ( See page 126. ) ' ' ^^ 

Ferrocyanids arc compounds of ferrous iron, the ion, X^f CjNj), 
containing an atom of the metal in the divalent condition. Ferrous iron 
tends to pass into the ferric condition, in complex ions'only a little less 
readily than when existing as simple ions. Hence ferrocyanids are mild 
reducing agents which, in acid solution!), tend to absorb oxygen and 
become fcrricyanid.s or compounds of ferrie iron, 

2K,(Fe = C,N,) +0 + H,S0.-*2K,(Fe - C,N, ) + K,SO^ + HjO 

or writing an ionic equation, 

2(Fe = C,NJ + + H-> 2(Fe - C,NJ + 2K -j- H,0 

The ferrocyanid ion, (Fe = 00110), is one of the most stable of all 
complex ions. Even at a great dilution there is no appreciable decom- 
position into the simple ions. The presence of 11 ions, which is sufficient 
to decompose most other complex ions, is without noticeable effect at 
ordinary temperatures and as indicated, it requires the boiling tempera- 
ture to cause decomposition which takes place according to the following 
reaction : 

{Pe=C,N,)-^6CN + Fe 
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In aetd solutions the ferrocyaiiid ion passes over into the ferrieyanid 
ion under the infliienee of oxidizing agents, as previously noted. 

The bariuni ion, Ba, with the ferrocyanid ion gives no precipitate. 

The silver ion, Ag, precipitates white Agi{Fe=C,Nn), insoluble in 
dihite nitric acid and ammoninm hydroxid. 

When the ferrous ion, Fe, is added to a solution containing the ferro- 
cyanid ion, {Fe = CoN„), out of contact with the air, a white precipitate 
of potassium ferrous ferrocyanid, KjFe{Pe = C„N„}, or ferrous ferro- 
cyanid, Fe._,(Pe = C8No), forms. The ferrous ion is so easily oxidized 
that, under ordinary conditions, these precipitates are of a light blue 
color, due to the formation of a anall amount of ferric salt. 

The ferric ion, Fe, precipitates ferric ferrocyanid, "Prui^ian blue," 
Fe^ {Fe = C„N„ ) ,. ( See page 226. ) 

Ferricyanic Acid, H,(Fe *= C^,), 

Ferrlcyanic acid is a tribasic acid similar in character to ferrocyanit; 
acid, but less stable. Its alkali, alkaline earth and ferric salts are 
soluble in water; others are insoluble in water and in cold dilute acids.! 
Heated alone or with siilfuric acid the decomposition is the same as that 
of the ferrocyanids. Ferricyanids are transpo-sed by boiling with sodii 
carbonate ; in certain cases better with sodium hydroxid. 

Ferricyauids are. compoutids of ferric iron which, in the presence of 
reducing agents, tends to pass into the ferrous condition and form 
ferrocyanids. This reaction takes place better in alkaline than in acid 
solution. 



2K,(Pe - C,NJ + 2K0H + 2H - 
or writing an ionic equation, 



2K.(Pe = C,N,)-f.2H,0 



2(Fe = C„N„) +2 0H + 2H— -» 2(Pe = C«N«) + 2H,0 

The ferrieyanid ion, (Fe ^ CcNn), is far more stable than comples 
ions generally, but it decomposes more readily than the ferrocyanid ion, 
(Fe = C„NJ. (See page 13.) 

The bariuni ion, Ba, gives no precipitate. 

The silver ion, Ag, precipitates orange silver ferrieyanid, 
AgjCFe IB CflNj), insoluble in nitric acid, but soluble in ammonium 
hydroxid. 

The ferrous ion, Fe, precipitates dark blue fetroMS. l«iYtf=^i!v^iv?i,,^"i!ss^- 
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bull's blue, Pe3(Fe s C„Ng) j. It does not dissolve in acids, but is soluble 
m alkalies, being transposed accflrding to the equation : 

Fe,(Fe =. C„NJ, + 6NaOII^3Fe(OH), + 2Na3(Fe . C.N,) 

The products of this metathesis interact, however, the ferricyanirl 
breaking down into tVrrocyanid and oxidizing ferrous to ferric hydroxid. 

The ferric ion, Fe, gives a brownish-green or yellow color according 
to the dilution of the solutiou. 

SILICON. 81 — 28.1 

Elementary silicon is known in two modifications which suggest the 
similar forms of carbon. Amorphous silicon is a soft brown powder 
which melts at a high temperature and then solidifies to a hard black 
mass of brilliant erj'stals which are much more resistant than the amor- 
phous form. Neither modification is active at ordinary temperatures, 
but each generally recpiirea high heating to make it enter into combina- 
tion with other. elements. Heated in the air, silicon burns to the dioxid, 
SiOj, Acids are without effect, with the exception of hydrofluoric acid 
in which silicon di.ssolves readily, thus showing some slight indication 
of metallic properties, 

Silicon fluorid, as well as other halogen compounds, is decomposed 
by water, however, thus indicating that silicon is acidic rather than 
metallic in nature. This fact is further evidenced by the formation of 
silicon acids and of silicids of the metals. These bodies, like the hydrids, 
of which several arc known, are in general analogous to the correspond- 
ing compounds of carbon. In all its compounds, silicon acta as a tetra- 
valent element. 

Silicon fluorid, SiF,. is a hea^T, colorless gas with a verj' pungent, 
stifling odor. It unites with hydrogen fluorid to form hydrosilieofluorie 
acid (see page 136) according to the equation : 

Silicon fluorid is decomposed by water into hydrofluoric and silicic 
acids, as indicated in the following equation, but some of the unchanged 
StF« reacts with HF produced during the reaction to form some H^SiF,. 
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Silicon dioxid, silica, SiO,, exists in at least three different modifica- 
tioDS, one amorphous and two crystalline. The uaturally-occiirring 
crystalline form, quartz, is the beat known, "rock crystal" being the 
pure substance. Small rimounta of different impurities give rise to many 
different varieties which are known as rose, yellow, smoky and black 
quartz, topaz, onyx and amethj'st. White sand eonsi.sts almost entirely 
of finely broken quartz. All these forms are exceedingly hard, insoluble 
and resistant to chemical agents (except hydrofluoric acid) and fuse only 
at the temperature of the oxyhydrogen blow pipe, t. e., about 1800°-J 
2000°. ■ 

Tridymite is the second modification, posaessiDg a different crystal- 
line form from quartz, but otherwise resembling it closely. It occurs as 
a rock constituent. 

Amorphous silica occurs as chalcedony, agate and flint. These nat- 
urally-occurring forms do not differ ranch from quartz, bnt as obtained 
artificially, silica is more soluble and readily attacked by chemical re- 
agents than the crystalline form. With hydrofluoric acid, all compounds 
of silicon react more readily than with any other common reagent. All 
forms of silica dissolve readily, forming silicon fluorid and water. 

Silicon dioxid is the anhydrid of silicic acid, from which it is readily 
formed by heating. More than one-quarter of the known crust of the 
earth is silicon, existing combined as the anhydrid or as salts of silicic 
acid. 

Silicic Acid. 

Ortho-silicic acid, H.SiO^, is exceedingly unstable under ordinary 
conditions. It may lose water iu many different proportions. From 
one nioiw-tile of acid, one molecide of water separates, forming meta- 
silicic acid, H^SiO^. From two molecules of n^SiO,. by the loss of one, 
two and three molecules respectively of watur, HnSi^Or, H^Si^O,,, and 
IljSijO.. are derived, while from three molecules of HjSiO^, by separa- 
tion of water, other partially-dehydrated acids are formed as shown in 
the accompanying equations: 
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(1) 2H,SiO,— n„o- 
{2} " — 2H,0- 

(3) " — 3H,0- 

(4) SH^SiO.— H,0- 






(5) 3H,SiO,- 
(6) 

(7) " - 

(8) " - 



2H.0- 

-3H„0- 
4H„0 ■ 
5H*0 ■ 






These compounds are known as polysilicic acids, numbers (2) and 
(6) obviously having the same proixjrtiouate composition as meta-silicie 
aeid. Whether all of these acids have an existence even in solution is 
veiy questionable, since no methods of dii^erentiating them are known. 
The water content of silieie aeid seems to depend only on the temperature 
to which it is heated, nothing definite being obtained except the com- 
pletely dehydrated SiO,. 

The solubility of the acid seems to correspond in a general way withj 
the state of hydration, the more highly-hydrated forms being the most^ 
soluble. In acids it is somewhat more soluble than in pure water, while 
solutions of the fixed alkalies, both carbonates and hydroxids, have a 
very decided solvent action even on the verj' resistant quartz, when it is 
finely powdered. Most of the solutions possess the properties of pseudo- 
solutions quite as much as of true solutions. 

Although the anhydrid, SiOj, is not formed completely below a red ' 
heat, a temperature of 110-130° produces sufficient dehydration to give 
a product insoluble in water and dilute acids. This drying-out proems, 
known as dt'siccation, is frequently iLsed as a means for the separation of 
silicic acid from solution. 

Silicic acid dissociates so little that its aqueous solutions give no evi- 
dence of the presence of H jons when tested with red litmus. Silicate ■ 
ions are, therefore, practically unknown. Soluble silicates undoubtedly ' 
ionize, but hydrolysis takes place to such an extent as to remove the sili- 
cate ions almost entirely from solution as free silicic acid. Insoluble sili- 
cates may be precipitated from solutions of soluble silicates on the addi- 
tion of certain metallic ions, it is true, yet the concentration of silicate 
ions actually existing in solution at any given moment must be very small 
indeed. None of the reactions by which silicic acid is separated an^ 
detected are typical ionic reactions. 

Salts of silicic acid, both simple silicates and polysilicates, are well-] 
known, many being the conmion rock-forming minerals. They are among ; 
the most stable substances at high temperatures. The simpler silicates 
are generally of the type derived from meta-silicie aeid, H^SiOa. With 
the exception of the silicates of the alkali metals, all are highly insoluble,] 
many of them being so little sokible that they are not affected by the ordi- 
jiajy strong acids, contrary to the general rule for salts of weak acids. 
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W Soluble silicates of sodium and potassium are known as "water glass." 

■ These solutions are hydrolyzed to a very great degree and react strongly 
I alkaline. 

■ Ammonium silicate is unknown, for it cannot be formed in the "dry 
way" and attempts to produce it in the "wet way" result only in a com- 
pletely hydrolyzed product. To illustrate : "When a solution of an alka- 
line silicate is treated with the ammoniiun salt of a strong acid, such as 
NH^Cl, there is evidence that a metathesis occurs to form an alkaline 
chlorid and ammonium silicate. This latter compound hydrolyzes and 
the silicic acid is nearly all precipitated from a warm solution, especially 
on standing. If anmioniimi carbonate is sutistituted for ammonium 
chlorid, the precipitation is not complete, since sodium carbonate is a sol- 
vent for silicic acid. Ammoniiun hydroxid gives no precipitate under 
these conditions. 

Many silicates are decomjKised by acids and, on evaporation of the 
solution, the silicic acid separates in the fonn of a jelly, which, at 120°, 
loses most of its water, leaving an insoluble residue like powdered glass. 

Most silicates, insoluble in acids, are not transposed by boiling with 
sodiiun carbonate. They may be decomposed by fusing with the dry 
reagent, however, forming sodiiun silicate and oxids of the metals, which 
then readily di.s.solve in acids. Fusion with anunonium carlionate will not 
decompose silicates in this way. If, however, a finely powdered silicate, 
intimately mixed with twice its weight of ammonium chlorid and four 
times as much calcium carbonate, be heated, decomposition occurs prob- 
ably due to the more energetic action of ammonium carbonate freshly 
formed by the interaction of NII,C1 and CaCOj, This method is some- 
times necessary in decomposing natural silicates which are to be tested 
for alkali metals. 

All silicates whatsoever are decomposed by hydrofluoric acid, form- 
ing volatile silicon fiuorid, which may be driven oflf by heat. 



CaSiO, + 6HF ~* CaF, + SiF^ -j- 311,0 

Since silicon fluorid is decomposed by water into hydrofluoric and 
silicic acids (see page 133), in order to remove the silica entirely by 
volatilization, the water set free in the reaction must be removed. This 
is most satisfactorily accomplished by concentrated sulfuric acid. Since 
glass is essentially a mixture of silieate-s, all reactions with hydrofluoric 
acid must be performed in platinnni vessels. (See page 199.) 

Silica, being an acid anhydrid, will not unite with fused sodiimn 
meta-pho,sphate, and therefore remains as &tv vu'=«\^a^l\e,■«s&^i.■^*!i-"«*^'^^*^'**^ 
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floating about in the hot bead. Mast silicates are decomposed by fusion 
with sodium raeta-phosphate, the metallic oxid uniting with the phos- 
phate and dissolving in the bead, leaving the "skeleton" of SiO,. A 
few silicates are not thus decomposed, and ean not be detected by this 
reaction, since they fuse and mix with the bead without leaving a 
visible residue. 

HydrosUicoflnoric Acid, H,SiF,. 

Silicon fiuorid unites with hydrofluoric acid to form a complex body 
according to the equation : 

SiP, + 2HF^n,SiF, 

This compound, n^SiPo, is known as hydrosilicofiuoric or hydro- 
fluosilicic acid. The reaction by wiiich it ia formed proceeds most satis- 
factorily in concentrated solutions of hydrotluoric acid. Since silicon 
fluorid reacts with water to form hydrofluoric acid (and silicic acid), 
hydrosilicofluorie acid als«j is formed. The following equation is often 
written to express this reaction, but it is hardly probable that it showa 
the true way in which hydrosilicofluorie acid is formed : 



SSiF^ + 3H,0 -^ 2H,SiF„ + H.,SiO, 

Hydrosilicofluorie acid is about as strong as sulfuric or dichromic 
acid. It is known only in solution, for, on every attempt to isolate it, it 
decomposes into silicon flnorid and hydrofluoric acid. 

All siUcofiuorids are readily soluble in water with the exceptions of 
the salts of the alkali metals and of barium, Na^SiF, is soluble in 
[about 150 parts of HjO, KaSiPo in about 825 parts, and BaSiFg in 
about 3500 parts at ordinary temperatures. 

All sUlcofiuorida are decomposed in alkaline solution into salts of 
silicic and hydrofluoric acids, according to the equation : 

Na.SiF, + 6NaOII -^ 6NaF + Xa.SiO, + 3H,0 

Anunouium liydroxid precipitates silicic acid because of hydrolysis 
of the nmmfiiiium silicate. (See page 135.) 

All silicofluorids are decomposed on heatiug into fluorids of silicon 
and of the nietal. Concentrated .sulfuric acid forms sulfates and liber- 
ates silicon fluorid and hydn>tluriric acid. 

The silicifluorid ion i,s SiF,,. 
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The barium ion, Ba, precipitates white crystalline BaSiFg which is 
somewhat soluble in IICl. (See page 100,) 
The silver ion, Ag, ^ives no precipitate. 

Group 4, Second Type. 
Germanium 72.5; Tin 119; Lead 206.9. 

The elements of this type closely resemble those of the first type, 
but are rather more metallic in properties, being soft, lustrous, heavy, 
easily-fusible metals. The bydroxids ordinarily act as weak bases, but. 
under proper conditions, may show acid properties. The valence of the 
element is quite as often two as four. The metals do not pass readily 
into the ionic conditions, hence they may be obtained from their com- 
pounds without difficulty. 

Germanium is of rare occurrence and will not be treated further. 

TIN (Stannnm). Sn — 119. 

Tin is a rather soft, silver-white metal, under ordinary conditions 
possessing a crystalline structure. It does not tarnish in the air at 
ordinary temperatures. When heated, it oxidizes slowly until a white 
heat is reached, when it burns rapidly to the white ox id, SnOj. 

The metal dissolves slowly in fairly dilute solutions of the strong 
mineral acM'ds, forming in every instance stannous eompoimds in which 
the metal is bivalent. In hot concentrated acids the action often differs 
from that in dilute solutions. Hydrochloric acid forms stannoiis chlorid, 
SnClj, but sulfuric acid produces the tetravalent stannic sulfate, 
Sn(SOJ„ together with SO,. S and 11^0. 

Fairly concentrated HNOj doubtless oxidizes the stannous nitrate, 
first formed, over to stannic nitrate. Tetravalent tin salts are weaker 
than the bivalent compounds and hydrolyze very considerably. In the 
present instance stannic hydro.itid, Sn(0H)4, is formed. This loses a 
molecule of water and becomes SnO(OH)5, several molecules of which 
unite to form a compound molecule, (SnO(OH),)„ where x [lossihly 
equals five. Stannic hydroxid possesses acidic as well as basic properties, 
hence it is often called stannic acid. The highly insoluble comi>ound 
formed by the action of concentrated HNO^ on tin is known as /3 stannic 
to distinf^iish it from the ordinary soluble form, 
^Tin is quite indifferent to the passage into the ionic condition, no con- 
siderable amount (if any) of energy being absorbed or liberated during 
the reaction. For this reason, several metals showing a greater tendency 
to pass into the ionic cundition, e.specially zinc, i\va^Ti««™x&T\\v?t^c«£CKs:^w«>., 
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will precipitate metallic tin from solutions of its salts. On the other 
hand, silver, mercury, bismuth, copper, platinimi and gold are thrown 
out of solutions of their salts when metallic tin is introduced, 

StEiiiQOUS compounds show a very strong tendency to become tetra- 
valent and will react with most oxidizing agents and pass into the 
stannic condition. For this reason stannous chlorid, SuCla, is one of 
the most satisfactory reducing ageut^s for general laboratorj' tise. By it, 
mercuric salts are changed first into the mercurous condition and finally 
into the metal. Compounds of arsenic in both stages of oxidation are 
reduced to the element (Bettendorf Test for arsenic). Ferric salta are 
reduced to the ferrous condition and the highly oxidized acidic compounds 
of chromium and manganese are reduced to the basic condition. 

Stannic compounds, on the other hand, are reduced only with great 
diffienlty, nai^eent hydrogen being the only agent capable of breaking 
down stannic salts in solution into the lower condition. 

Heated before the blowpipe with Naj[CO„ on charcoal, all tin com- 
pounds are reduced to the metal. The reaction may be accomplished most 
readily by adding finely powdered charcoal to the mixture of the tin 
compound and NajCOj. Even under these conditions long and steady 
blow-piping is sometimes necessary to obtain the bright, white metallic 
globule which, as soon as the flame is removed, becomes covered with a 
coating of white oxid. The globule is malleable (distinction from Sb 
and Bi ) . It does not dissolve in IINOj, but is changed to a white powder 
(like Sb but different from Pb and Ag). The globule is readily soluble 
in IICl. A white coating of the oxid is formed on the charcoal. 

The compounds of tin in both stages of oxidation are generally 
colorless. Salts of the common strong mineral acids are usually soluble 
but since tin is hut a weak base-forming element, they tend to hydrolyze. 
Hence a little acid must be added to the solutions of tin salts to prevent 
the formation of insoluble basic salts. 

Of the tin ions, the stannous ion, Su, is well known. Although the 
stannic ion, Sn, is recognized, its compounds dissociate but little and in 
solution the tin exists for the most part as pseudo-solutions of stannic 
hydroxid. Tin enters into several anions of which the stannite ion, SnO„ 
the stannate ion, SnO,, and the thiostannate ion, SnSj, are the most 
important. 

Since the compounds of the Sn ion are quite different from the com- 
pounds of the Sn ion in their properties, they will be considered sepa- 
rately. Solutions of the ehlorids serve satisfactorily for the reactions 
of each ion. 
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W The Stannous Ion, Sn. 

I The hydroxyl ion, OH, added to a solution containing the Sn ion, 

I precipitatfs white Sn(OH}; whieh loses water on heating and breaks 

■ down into the black SnO. Stannous oxid unites with oxygen so readily, 

however, that it will take fire and Imrn to white stannic oxid, SnO„. 

In the bivalent stannous hydroxid, basic properties are more strongly 

I developed than acid properties. The latter are sufficiently strong, how- 
ever, to cause the hydroxid to dissolve in solutions of the strong alkalies, 
NaOH and KOII, but when the concentration of Oil ions is much less as in 
solutions of NIIjOII and in alkaline carbonates, stannous hydroxid is 
not appreciably soluble. But few salts of stannous aeid, H.SnOj, are 
definitely known, and aside from Na^SnO; and K^SnO. they are of little 
importance. Solutions of these salts are very strongly hydrolyzed. This 
action increases so much as the temperature is raised that a brown-black 
precipitate of SnO is formed. The reactions producing this body are 
simply hydrolysis and dehydration, as shown by the equations: 

NajSnO, + 2H,0 -» Sn(OH), + 2NaOH 
Sn(OH),^SnO + II,0 

Like all bivalent tin compounds, alkaline stannites are very strong 
reducing agents. "When heated, especially if KOH or NaOH be present 
in excess, one portion of the stannite is oxidized to atannate at the ex- 
pense of the other, which is reduced to the metal and precipitated aa a 
black powder. 

2Na2SnOj + H,0 -* Na,SnO, + Sn + 2NaOH 

The reducing action of alkaline stannites is used in testing for bismuth 
salts. (See page 171.) 

The carbonate ion, CO^, has no specific effect, as stannous carbonate 
is unknown. Alkaline carbonate solutions act like very weak hydroxid 
solutions, precipitating Sn(OH)j. 

The sulfid ion, E, precipitates dark brown stannous sulfld from acid 
solutions only. The concentration of H ions is not too great, for SnS 
is readily soluble in strong IICl, Alkaline polysulfids, because of their 
excess of sulfur, oxidize SnS over to SnSj, which then dissolves readily, 
forming alkaline thiostannates. In raonosulfids, SnS is not appreciably , 
soluble and apparently thiostannites do not exist. Stannous sulfid dis- 
solves in strong alkalies with the absorption of oxygen, formiug a 
mixture of stannites and thiostannates. 
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The sulfate ion, SO^. produces no preeipitati>. since SnSO, is soluble. 

The cMorid ion, CI, produces no precipitate since stannous ehlorid 
is soluble in alwut one-third its weight of water. It crj'stallizes according 
to the formula SnCL.2H20. Being by far the most important compound, 
it is known commercially as "tin salt." In solution it tends to precipi- 

OH 

tate a white insoluble basic salt, Sn< p, , becaiLse of hydrolysis; hence 

B little HCl must be added in order to keep the solution clear. In order 
to prevent oxidation by the air to SnCl^, it is necessary to keep metallic 
tin in the solution. This, reacting slowly with the acid, generates Descent 
hydrogen and preserves the tin in the lower form. 

The iodid ion, I, precipitates orange-brown Snij, which separates in 
gleaming spangles. It is quite soluble in water, hence ib not precipitated 
from dilute solutions. It dissolves in an excess of the precipitant, form- 
ing a double iodid. 

The cyanid ion, CN, fomM probably stannous cyanid, but this is com- 
pletely hydrolyzcd and stannous hydroxid is precipitated. 

The phosphate ion, P0„ causes the precipitation of a white oxyphos- 
phate, of varying composition, depending upon the conditions of the ex- 
periment and more or less closely approximating the proportions indi- 
cated by the formvila Sn_,(P0^)2, It is soluble in -strong acitfe, and in 
strong alkalies forming alkaline stannites and phasphat«s. 
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The Stanoic Ion, Sn. 

i n * 

The hydroxyl ion, OH, added to sotutions containing the Sn ion, 
probably forms Sn{OII)i at fit^it, but this loses water and white 
SnO(OH)j is precipitated. On heating, white SnOj is formed. Tin 
dioxid is more resistant to the odinary chemical reagents than most 
substances of frequent occurrence. Neither acids nor aqua regia, 
nor fusion with alkaline hydroxids or carbonates serve to convert it 
entirely into a soluble product. By fusing with a mixture of sulfur and 
alkaline hydroxid or carbonate, stannic oxid is changed into soluble 
thiostannates, however. 

Stannic hydroxid possesses l&ss ba.sic properties than stannous hy- 
droxid but corrrapondingly stronger acid properties. It dis.solve.s in acids 
to form stannic salts and in the strong alkalies to fonii alkaline stannates, 
which form the ion SnO,. Since It is rather acidic than ba.sic, H„SnO, 
is frefpiently called stannic acid. It.s formula shows that it ia of the 
same type as the' more unstable carbonic acid, HjCOj. The fact that 
fitannic acid anhydrid, SnOj, is a very resistant solid while carbonic acid 
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anliydrid, CO^, is volatile, doubtless accounts to a °rreat degreee for the 
difference in stability between the two acids and their salts. The com- 
pound precipitated from solutions of stannic salts by the hydroxy I ion 
seems to have a single molecule, H^SnO-,. and i.s far more soluble and 
reactive than the polymeric compound formed by the action of fairly 
concentrated HNO3 on the metal. The former is known as a stannic acid 
to di.stiiiguish it from the latter compound. 

The carbonate ion, GO,, has no specific action. Solutions of alkaline 
carbonates precipitate H^SuOa because of their hydrolysis. 

The sulfld ion, S, precipitates yellow stannic snlfid, SnS,, from acid 
solutions only. The ccmeentration of H ions must not be too great, how- 
ever, for SuSj is readily soluble in fairly concentrated HCl. In the 
strong alkalies, alkaline sulfids and polysulfids, it is soluble, forming thio- 
stannates. In Nil, Oil and (NH4)2COa. it is insoluble even when heated 
(distinction from As). 

The sulfate ion, S^^, causes no precipitate, as Sn(S04}j.2H50 is solu- 
ble in water containing sufficient acid to prevent hydrolysis. 

The cMorid ion, CI, produces no precipitate, as SnCl, is very soluble. 
The solutions hydralyze considerably and, on standing, precipitate white 
basic salts. On boiling a dilute SnCli solution, complete hydrolysis and 
dehydration of the resulting stannic hydroxid takes place and stannic 
oxid is precipitated. 

The other halids are similar to the ehlorid. 

The cyanid ion, ON, precipitates stannic hydroxid. 

The phosphate ion, PO,, precipitates white stannic oxyphosphate. 

which is soluble in the strong acids and alkalies. A formula for this 

compound may be written : 

Sn = PO, 

\ 


/ 
Sn»PO, 



Thiostannates bear the same relation to stannates that thioarsen- 
ates and thioantimonates do to arsenates and antimonates (see pages 164 
and 169). Although thioarsenites and thioantimonites are well known, 
the corresponding thiostannites do not seem to exist. The methods of 
formation of all salts of thioacitls are in general alike. Thiostannates 
are produced by the action of alkaline polysulfids on SnS, and by alka- 
lies and alkaline sulfids ou SuS^, as indicated by the equations : 
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S11S+ (NHJjS.xS^(NH;),SnS3+ (x— 1)S 

aSnS, + 6Kok -> 2K,SnS, + K.SnO, + 3H,0 

SnS, + (NHJ.S -^ (NHJ.SnS, 

Aside from the alkaline thios tan nates, few salts are known. The acid 
is not known with certainty, for it is verj' unstable and breaks down into 
HjS and SnS analogously to the corresponding thloaraenic and thioanti- 
monic acids. Consequently, on acidifying a solution of a thiostannate. 
yellow SnSj ia precipitated. 

■ LEAD {Plumbum). Pb — 206.9. 

Lead is a heavj-, bhie-gray metal with considerable lustre, quickly tar- 
nishing in the air because of the formation of a thin film of Pb^O, a lower 
oxid of little relative importance. At a higher temperature this com- 
pound, as well as the metal, is changed into PbO or litharge. 

The metal is but little acted upon by cold dilute HCl or H^SO,, owing 
to the formation of a layer of insoluble chlorid or sulfate. In hot HCI 
or concentrated HjSO^ it dissolves, however, since the protective coatings 
are soluble under these conditions. Nitric acid and acetic acid are ready 
solvents for the metal, forming the only common soluble salts. Lead 
compounds are generally quite insoluble and are, for the most part,j 
colorless. 

Lead is indifferent toward the passage from the metallic into the ionic j 
state. No considerable amount of energj' is either liberated or aljsorbedj 
when the metal becomes the ion or when the reverse process takes place. 
Metallic magnesium, zinc and iron, because of their strong tendency to 
become ionic, will precipitate metallic lead from solutions of its salts, but 
metallic lead will precipitate mercury, silver, gold and platinum. 

On heating before the blowpipe with Na.^COj on charcoal, all lead salts 
are reduced to the metal, forming a bright, malleable (difference from Sb 
and Bi) globule with a yellow coating on the charcoal (difference from 
Sn, Ag and Bi). It dissolves readily in HNO, (difference from Sn) and 
gives a precipitate with HCl only in cold, fairly concentrated solutions 
(difference from Ag). 

From the two typical oxids, PbO and PbO., two different series of 
comjiounds are formed. In the divalent eonditiou lead is generally basic 
and from the hydroxid, Pb(On)j, all the common salts are derived. 
Tefcravalent lead is almost entirely acidic in its properties. The tetra- 
valent hydroxid is a weak acid, of which two forms are known : 
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/on 

//OH 

Pb Ortho-plumbic aeid. 

\\0H 
\0H 



0=:Pb 



\ 



OH 



Meta-plumbic aeid. 



OH 



Well-charaeterized salts of these acids are knottti, among which the oxids, 
PbjO^ and Pb^Oa, are to be included. Jlinium, or "red lead," is to be 
regarded as the lead salt of ortho-plumbic aeid, while Pb^Oa is the lead 
salt of meta-plumbic acid. Thi.s is indicated by the fact that when Pb^O, 
is treated with dilute HNOj, two-thirds of the lead dissolves while one- 
third remains as insoluble PbOj, the anhydrid of ortho-plumbic aeid. 
(See also page 214.) 



Pb 
\\0\p. 



o^pKo/P*^ 



The tetravalent salts of lead are of little relative importance in qualita- 
tive analysis. 

The common ion is Pb. Lead is a constituent of some aaioDs of which 
PbOj is the best known. 

For reactions of the Pb ion, solutions of the nitrate or acetate are very 
satisfactory. The nitrate, Pb(N03)j, dissolves in about two parts of 
water and separates from solution without water of crystallization. 
"Sugar of lead," Pb(C3n,03),,3HjO, is about as soluble but, on expos- 
ure to the air, becomes turbid owing to the formation of a white basic car- 
bonate, due to the action of the carbon dioxid present in the atmosphere. 

The hydroxyl ion, OH, precipitates from solutions containing the Pb 
ion white, floccy PbtOII),. After being washed free from all of the 
reayent used to precipitate it, lead hydroxid gives a slight basic reaction 
to litmus, thus showing it to be somewhat soluble (8,000 parts HjO) and 

to separate OH ions to a slight degree. 

+ 
Lead hydroxid is also capable of separating H ions and of acting as 

a very weak acid. A high concentration of hydroxy] ious, such as is 

given by the strong alkaline hydroxids, is necessary to cause this change 

in character. When NaOH is added to a solution containing PbO^H^ 

.in suspension, the readily-dissociating strong base represses the ionization 

of lead hydroxid as a base (see page 31). The concentration of Pb 

ions is thereby lessened and PbOjHj passes into solution (see page 
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36). On the other hand, the tendency for lead hydroxid to separate 
H and PdOj ions is stiraulated, owing to the fact that the OH ions from 
the alkali unite with the H ions from the PbO^Hi to form imdissociated 
water. The only lead-containing ion left in solution by these reactiona 
is the plumbite ion, PbO^, together with an abundance of ions of the 
alkali metal to form, on evaporation of the solution, an alkaline pliunbite. 
Thus, FbO;,!!; may be either the base — lead hydroxid — or plumbous acid. 

In the presence of NH^OH, lead hydroxid is insoluble, since the for- 
mer is not sufficiently strong to make the latter act as pJumbus acid. 

With the exception of a few very highly insoluble compounds, all 
lead salts are appreciably soluble in the strong alkaline hydroxids. 

The carbonate ion, CO.,, precipitates white PbCO^. As ordinarily 
brought down by alkaline carbonates, however, the precipitate consists 
partly of PbCOII)^. Because of the hydrolysis of the precipitants, their 
solutions contain the OH ion as well as the CO, ion. Sinee PbCO, and 
Pb(OH)j are about equally soluble, a mixture of these two salts falls. 
Whether this precipitate, the "white lead" of commerce, is really a mix- 
ture or a true basic salt (see pa^e 21) is not yet definitely proven. 

The sulfid ion, S, precipitates black PbS from both alkaline and acid 
solutions. From fairly acid solutions, especially in the presence of HCl, 
HjS precipitates a red complex salt having the proportions represented 
by the formula PbS.PbCl^. On further treatment with H^S, the normal 
sulfid is formed. Lead sulfid is soluble in strong HCl and in hot, dilute 
HNOj, since the boiling reagent oxidizes it to free sulfur (or HjSO J and 
Pb(NO,),. 

The sulfate ion, S^<, causes the precipitation of granular, white 
PbSOi which is soluble in about 23,000 parts of water at ordinary tem- 
peratures and somewhat more soluble in dilute solutions of the stronger 
acids. In couceutrated H,,SO^, it dissolves to a considerable extent, ow- 
ing to the formation of a soluble acid salt. On dilution, however, the acid 
salt is decomposed and PbSO^ again precipitated. Commercial H,S04 
always contains some of this salt, since the acid is concentrated in lead 
pans. Lead sulfate is soluble in NaOH and KOH, forming alkaline 
plumbites and sulfates both of which are soluble. Furthermore, it dis- 
solves in strong solutions of the ammonium salts of several organic acids, 
the acetate, tartrate and citrate being most commonly used. The reac- 
tion with ammoniiun acetate appears to be simply a metathesis forming 
lead acetate. This substance, normally dissociating much less than other 
salts, has its ionization repressed by the greater dissociation of ammonium 
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acetate. Therefore but few Pb ions exist in solution, the concentration 
being insiiflficieiit to precipitate PbSO^ again. 

The chromate ion, CrO^, precipitates yellow PbCrO,, soluble in about 
100,000 part.s of water at ordiiiarj' temperatures and in the strong acids 
and alkalies as would be expected. (See opposite pa^e.) 

The chlorid ioa, 01, precipitates curdy, white PbCU, soluble in 
alwut 100 parts of water at ordinary temperatures and in about 25 parts 
of boiling pater. For this reason, the Pb ion can be removed only par- 
tially from solution by the addition of the CI ion. 

The bromid ion, Br, precipitates pale yellow PbBr,, similar to PbClj, 
but less soluble. 

The iodid ion, I, brings down yellow Pbl.^, similar to the other halids 
of lead, but less soluble, dissolving in about 1300 parts of water at ordi- 
nar>' temperatures and 194 parts at 212°. On cooling, the .salt separates 
in the form of brilliant spangles. Lead iodid is appreciably soluble in 
an excess of KI fonning a double salt of the formula Pbl2.2KI. In 
strong solutions the ions are 2K and Pbl^, thus showing the formation 
of a new compound in which the lead is found in the anion. This 
tendency toward the formation of new ions of this character is noticeable 
with the bromids and not very appreciable among the chlorids. With 
the iodids, however, it is well developed in the salts of other metals as 
well as those of lead. (See similar mercury salts, page 109.) 

The cyanid ion, ON, precipitates white Pb(CN)a. insoluble in an ex- 
cess of alkaline cyanids, but dissolving in acids and strong alkalies. 

The phosphate ion, #0,, brings down floccy white Pbj{POJ.i, readily 
Bol.uble in acids and in strmig alkalies. 

Group B, Firat Type. 
Nitrogen 14; Phosphorus 31 ; Arsenic 75; Antimony 120.2; 

Bismuth 208,5. 

The members of this group show characteristic valences of three or 
five. The elements with low atomic weights, nitrogen and phosphorus, 
are typical non-metals, the pentavalent compounds of which are more 
stable than the trivalent. The elements of high atomic weights are typic- 
ally metallic in appearance, being heavy and lustrous. Pentavalent 
compounds of bismuth and antimony are less stable than the correspon- 
ding trivalent compounds, while with arsenic each form possesses ap- 
proximately erpml stability. The hydrids are rather unstable, those of 
nitrogen and phosphorus uniting with water to form weak bases, while 
those of arsenic and antimony are neutral in character. 

11 
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Oxygen unites with these elements readily in various proportions, 
trioxids and pentoxids being most typical. These unite with water, 
generally directly, to form hydroxids. The gradation of properties 
noticed in all groups is especially prominent in this group. Trivalent 
hydroxids of the elements with low atomic weights are acids, while the 
corresponding compounds of elements with high atomic weight are bases. 
All pentavalent hydroxids are acidic in nature, but, while HNOj is one 
of the strongest acids, IIBiO, is very weak. 

NITROGEN. N — 14. 

Nitrogen is a colorless, tasteless, odorless gas, existing uncombined 
in the atmosphere, of which it constitutes about four-fifths. It is not 
appreciably soluble in any solvent. One of its chief characteristics is 
its inertness. It requires the expenditure of considerable energy to make 
it unite with other substances. Although its true character is much 
concealed by its inactivity, nitrogen acts as a typical acid-forming ele- 
ment. The rare hydronitric acid, HN;,, resembles the other acid hydrids. 
In -solution, it dissociates into the ion X., to a much greater degree than 
HjS ionizes, but not so much as HF. With certain metals, nitrids are 
formed — from magnesium, as an ilhtstration, Mg.N;, — which are decom- 
posed by water, liberating NH, and forming the hydroxid of the metal. 

Mg,N, + 6H0H -^ 3Mg(0H), + 2NH„ 

These compounds are of scientific importance only. United with 
hydrogen and oxygen, however, nitrogen forms several important ions. 
The detection of nitrogen itself conies projjprly under the subject of 
gas analysis and will not be considered here. 

Nitrogen compounds are of two distinct types. In one the element 
is trivalent: in the other it shows five valences. The normal tendency is 
toward the formation of the pentavalent compounds, trivalent com- 
pounds being generally less stable than the higher form into which they 
tend to pass tuitte readily. 

With hydrogen, nitrogen forms compounds of a basic nature,* the 
most important of which is ammonia, NH,. It is a colorless gas with a 
pungent odor, reacting readily with many substances, generally by direct 
addition, forming compounds in which the nitrogen becomes pentavalent. 
It is extremely soluble, one litre of water dissolving nearly 800 volumes 
of gas at ordinary temperature and pressure, forming a solution which is 



* Except hydronitric acid, HN,. 
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known as "ammonia water," Part of the dissolved NHj unites with 
the water to form a compound, NH^OII, which dissociates into OH and 
NHj ions and has a distinct basic reaction. Ammonia unites with es- 
pecial readiness with many metallic ions forming complex ions of 
various types, such as Ag.(NHj)i, Cu.(NHj)4 and Co-CNH^), {see also 
cadmium, chromium, nickel, zinc and mercury), The union of am- 
monia with water, or ammonia with acids, may be regarded as a similar 
reaction, i. e., the union of NH, with the H ion to form the NH, ion, as 
the equations show : " 



NH3 + H -I- OH-).NH, + OH 
NH,-f H^NH, 



Nn, + HCl-*Nn,CI 
NH, + H + CI^NH^ + CI 
NH. + H-»NH, 



Inasmuch aa the NH^ ion is very stable and unites with the anions 
of acids to form a whole series of salts in which the univalent radicle, 
(NH4), acts as a taetal, the radicle is called ammonium, the ending 
' ' ium ' ' signifying the possession of metallic properties. Since ammonium 
salts most closely resemble those of potassium, the fonner are treated 
in detail immediately following the consideration of the latter, page 75. 

With oxygen, nitrogen forms five compounds all of which are more 
or less acidic in nature. 

Nitrogen monoxid, N.jO, is a colorless gas with a sweet taste and 
odor, somewhat soluble in water. Although it is the anhydrid of the 
rare hyponitrous acid, (HNO),. it does not unite with water to form the 
acid. At ordinaiy temperatures the gas is quite stable, neither taking 
on more oxygen nor giving up its own. At a higher temperature, how- 
ever, it decomposes into its elements and becomes a good oxidizing agent. 

Nitrogen dioxid, N^.Oj (as it is often called and written for the sake 
of systemati/ation, although the molecule is really NO and contains but 
one atom of nitrogen and one of oxygen), is a colorless gas not appre- 
ciably soluble in water. It parts with its oxygen leas readily than any 
other oxid of nitrogeu and, therpfore, is the decomposition product 
formed most frequently when higher oxidized compounds, such as ni- 
trates and nitrites, break down. On exposure to the atmosphere, it readily 
takes np more oxygen, forming brown NjO^. Nitrogen dioxid unites 
with ferrous salts in concentrated solutions to form a very characteris- 
tic dark brown compound, with ferrous sulfate having the composition 
(FeSOJj.NO. It is very unstable^ however, and, on warming qv liiix^i^^^ 
is decomposed and the coktr disappears, t.^ee ■^'8vi» es. \.^ «ft^l^s^>l 
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Nitrogen trioxid, N,0,, may be obtained as a blue liquid at low tem- 
peratures. At zero or below, it decomposes into a mixture of the dioxid 
aud tetTOxid, hence has no existence at ordinary temperatures. It is the 
anhydrid of nitrous acid, HNOk- 

Nitrogen tetroxid, N.,0^, is a brown ^a.s with pxingent odor, each 
molecule of which is entirely dissociated into two niolecvdes of NOj at 
150°. It may be condensed into a yellow liquid, boiling at 26". It is 
soluble in water, reacting with it to form a mixture of nitroua and nitric 
acids according to the equation : 

NjO, + HjO -^ HNO, + HNO, 

It is a strong oxidizing agent, readily giving up half of its oxygen 
and breaking down into N„0„. Since the dioxid unites with the oxygen 
of the atmosphere to reform the tetroxid again, these substanees act as 
"carriers" of oxygen and by their agency many compounds may be 
indirectly oxidized by the air which would not be oxidized directly with- 
out them. 

Nitrogen pentoxid, N.O^, is a colorless, crystalline solid, melting at 
30° and decomposing at 50° into nascent oxygen and N^Oj. It is, there- 
fore, a fine oxidizing agent. It dissolves in water, readily uniting with 
it to form HNO3. It is, therefore, nitric acid auhydrid and to its pres-| 
ence the oxidizing action of nitric aeid is due. 

Nitrous Acid, HNO,. 
Nitrous acid is a compound of trivalent nitrogen, very unstable 
in character. It has never been obtained free aud exists to a slight 
concentration only in aqueous solution. Acting as a weak monobasioJ 
aeid, it forms salts which are quite stable both in and out of sola* 
tion. On acidifying a .solution of a nitrite, the free acid decomposes foi 
the most part into water and the anhydrid, N,Oj„ the latter breaking 
down further, as previously stated. That part of the nitrous acid whie 
does not decompose at once gradually changes into nitric acid aecordin| 
to the equation : 





3H— O— N=0 



H— O— N + NjO, + H,0 

\ 




"When he&ted geutly, nitrites are unchanged but, wheu ignited, thej 
break down into the oxida of nitrogen and the metal. 
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rAll Ditritea are readily soluble witli the exception of the silver salt 
and, on boiling with Na-jCOj, they are transposed. 
Nitrous acid, bein«^ so unstable, yields readily to chemical agents of 
either an oxidizing or reducing nature. With KMnO^ and reagents of 
a similar nature, it is oxidized to nitric acid, each moleciUe of nitrous 
acid absorbing one atom of oxygen. On the other hand, strong reducing 
agents are oxidized by it, two molecules of nitrous acid giving up one 
atom of oxygen and breaking down into N^O, and water (see pages 43 
and 47). Thus nitrous acid acts either as an oxidizing or reducing agent. 
The formation of nitrogen dioxid when nitrous acid acts as an 
oxidizing agent gives rise to the dark brown compound already referred 
to whenever nitrous acid and ferrous salts are brought together. As the 
nitrous acid oxidizes part of the ferrous iron to the ferric condition, the 
nitrogen dioxid. formed during the reaction, unites with the unoxidized 
ferrous .salt according to the etiuations: 

2C,H,(XH,), + HXO,-> NHX;„n,N,C,H,(NH,), + 2H,0 
2FeS0« + NO^ (Fes6,),.N0 

This and the following reactions are used as tests for nitrous acid. 

Nitrous acid reacts with many organic compounds to form highly' 
colored substances, some of which are used as dye.s. With phenylenedia- 
min in acid solutions, the well-known "Bismark Brown" dye is obtained, 
even a trace of nitrous acid giving a distinctly yellow-colored solution. 

2C„H,(NH,), + HNO, — NH,C,H,N,C«H,(NH,), + 2H,0 

With sulfanilie acid and naphtylamin a complex reaction of a similar 
nature takes place, resulting in the formation of compounds of an in- 
terne red color. With this reagent slight traces of nitrous acid produce 
a pink coloration. 

The nitrite ion, NO,, is alone of importance. Some complex ions 
are formed of which the cobalti-nitrite ion, Co{N02)a (see page 231) is 
the best known. 

The barium ion, Ba, gives no precipitate with the nitrite ion, NOj. 

The silver ion, Ag, gives a white crystalline precipitate only in con- 
centrated solutions, for AgNOj is soluble in 300 parts of UnO, 



Nitric Acid, HNO,. 

Nitric acid is a compound containing pentavalent nitrogen correspon- 
ding to nitrous acid, which contains trivalent nitrogen. Like the latter, 
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it is monobasic but, because of the higher state of the oxidation of the 
nitrogen it contains, its acid properties are much stronger. It is also 
much more stable and can be isolated from solution &s a colorless, oily, 
fuming liquid boiling at 86°, with partial decomposition. It is miscible 
with water in all proportions, the boiling-point rising steadily as the 
proportion of water increases until at 120.5° a solution containing 68 
per cent, of HNO3 distills. This solution is ordinary "concentrated 
nitric acid." If the solution is diluted beyond this point, the boiling 
point falls as the proportion of acid decreases until 100° is reached, the 
boiling-point of pure water, i. e., of per cent. HNOj. Since all mixturpo 
of nitric acid and water other than this 68 per cent, solution boil lower 
than 120.5°, if a solution of nitric acid is evaporated, it will tend to 
assume this definite composition, either by boiling off water, if it is less 
concentrated than 68 per cent., or HNOj if it is more concentrated. 

"Concentrated nitric acid," on standing in the light, decomposes 
slowly into water, oxygen and nitrogen tetroxid which colors the solution 
yellow or brown. In dilute solution it is stable, however. 

The salts of nitric acid are naturally less readily decomposed than 
the free acid. The most stable nitrates fuse without great decomposition. 
"When strongly ignited, however, all decompose with the liberation of 
oxygen, becoming nitrites first, which later decompose into oxygen and 
oxida of the metal and of nitrogen. For this reason nitrates are much 
used as oxidizing agents for high-temperature reactions. 



// 
2K— 0— N -f H,0 -* 2K0H + xV,0, + 30 

\ 


Heated on charcoal, all nitrates deflaorate, t. e., the carbon is oxidized 
rapidly by the decomposing nitrate producing flashes of light and slight 
explosions. 

All normal nitrates are soluble. Certain salts of nitric acid, such as 
bismuth and, to a kss extent, mercury^, react with water, t. e., hydrolyze 
and form basic compounds which are quite insoluble. All nitrates are 
transposed by boiling with sodium carbonate. 

Pure nitric acid is one of the hcst oxidizing agents know^n. The "con- 
centrated" acid, also, possesses strong powers of oxidation, "Fuming" 
nitric acid is made by dissolving N„0, in the ordinary concentrated acid. 
It possesses the additional oxidizing power of the tetroxid dissolved in it. 
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On diluting the acid with water, its oxidizing action decreases as its ion- 
iiiation increases. Concentrated nitric acid, for instance, oxidizes hydri- 
odic acid very readily while dilute acid separates iodin only on long 
standing. In other words, as the concentration of undissociated acid 
falls, the oxidiziut; action decreases, indicating that the nitrate ion, NO,, 
is much more stable than the nndissociated acid, to wliieh we mu.st ascribe 
the greater part of its oxidizing properties. 

To what degree nitric acid will part with its oxygen depends very ' 
greatly on temperature, concentration and the nature of the reducing 
substance. By abstracting various amounts of oxygen all the oxids of 
nitrogen can be theoretically formed, the element obtained and hydrogen , 
iinally added. All of these products can be formed practically. Strong 
reducing agents, such as nascent hydrogen, under suitable conditions 
carrj'' the reduction all the way down to ammonia. Milder reducing 
agents will not carry it so far. Since the dioxid is the stablest of the 
nitrogen oxids, under ordinarj' conditions this is the usual reduction 
product and two molecules of nitric acid liberate three atoms of oxygen. 
( See pages 39 and 43. ) 

Since nitrogen dioxid is formed from both nitric acid and nitrous 
acid, the test with ferrous salts already outlined for nitrous acid (see 
page 149) may be used to detect nitric acid as well, the reactions being: 



6FeS0, + 2HN0, + 3H,S0«- 
2FeS0^ + N0- 



- 3Fe, ( SO J , + NjOj + 4H.,0 
. (FeSOJj.NO 



Brticin dissolved in eont'entrated sulfuric acid is colored a deep-red 
by nitric acid (and chloric acidj. The color changes rapidly to yellow 
and finally may become green. 

The nitrate ion, KO^, is the only known anion, for the reactions of 
which the alkali suits serve best. 

The barium ion, Ba, produces no precipitate. 

The silver ion, Ag, produces no precipitate. 



PHOSPHORUS. P — 31. 

The element exists in two well-known modiircations.* Ordinary 
phosphorus is a very pale-yellow substance, almost transparent and of 
a hard waxy consistency at ordinary temperatures. It melts at 44.4° to 
a yellow liquid, which boils at 290°. In carbon disulfid it is very soluble 
but in other solvents it dis-solves oidy sparinyily. if at all. Yellow phna- 
phorus is verj' reactive, uniting directly with all elements except nitro- 

* Two other len common forms, a white and a black modiflcation, are T«port«d. 



QUAXilTATrVE ANALYSIS. 



gen, carbon and the inert argon ^Toup. With the metals it forms phos- 
phids which, on treatment with water or dilute acids, liherate PH„, With 
oxygen it unites with especial readiness and Jt is neceasarj^ to keep it under 
water to protect it from the action of the atmosphere. Even under these 
conditions it becomes covered with an opaque white coating. In the air it 
glows with a pale light, plainly visible in a darkened room, very slight 
traces being sufficient to produce a marked "phosphorescence." At 
about 50° phosphonis is spontaneously inflammable, burning to the oxid, 
PjiO,, Heated out of contact with the air to a temperature near its 
boiling-point, it is converted into the red modification. 

Bed phosphoma is a dark grannlar powder which, being hygroscopic, 
tends to collect together in balls or become pasty. It does not melt but, 
when heated, sublimes, forming a vapor which condenses into liquid yel- 
low phosphorus. It is not appreciably soluble in any solvent and at ordi- 
narj' temperatures it is quite inert. By beat and other agents it may be 
forced to react and is then converted into the same compounds as the 
other modification. 

Either form of phosphorus may be detected by burning and collecting 
the product of combustion in water, which may then be tested for phos- 
phoric acid. Nitric acid will aceompli-sb the same change but, with the 
yellow modification, concentrated acid acts explosively. 

The compounds of phosphorus are those of an acid-forming element. 
The formation of balids and sulfids may be considered as indicating the 
possession of some metallic properties, but these bodies are entirely de- 
composed by water (hydrolyzed), forming, besides hydrohalogen or hy- 
drosulfuric acids, hydroxids of phosphorus which are typical acids. 

PCl, + 3n,0^3HCl + P{OH), (or H,POJ 

PC1, + 5H,0->5HC1 + P(0H), (or H„PO. + n,0) 

Phosphorus compounds, like those of nitrogen, are of two general 
types, trivalent and pentavalent, the former tending to oxidize readily 
into the latter. For this reason compounds of trivalent phosphonis are 
not of importance in analytical chemistrj'. 

With hydrogen, several compounds are formed of which phosphiu, 
PH;,, is the miiHt important. Its reactions are very similar to those of 
NHj except that it is far more readily oxidized and is less basic. This 
point is indicated by the fact that PII^, forms salts only with the strong 
halogen acids and these salts are decompased by water with the libera-J 
tion of phosphin. Phosphonixun hydroxid, corresponding to NH^OH. isj 
unknown. 
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With oxygen, phosphorus forms PjO, and PaOj beside the lees im- 
[lortant P,0 and I'aflj. 

PhosphoruB trioxid, T.O,, stands in the same relation to the pentoxid 
as does NjO,. Like the latter, it is an acid anhydrid. phosphorus acid, 
H.,POa or, minus water, IlPOg, oxidizing readily to the higher form. 
Phosphonis trioxid exists to a larg-e extent as the double molecule of the 
form (PaOj)j, (See also arsenic and antimony, pages 156 and 165.) 

Phosphorus pentoxid, P;0,, is a light snow-white jwwder, uniting 
with water with extreme readiness, forming phosphoric acid. Because 
of this property, phosphoric anhydrid is the best drying agent known to 
science. 

The simple anion, P, is little known. United with oxygen, several 

ions are formed of which those given by phosphoric acid are the most 

important. 

Fhosplioric Acid. 

Phosphorus pentoxid reacts with water and, on long standing, may 
form phosphorus pentahydroxid in solution according to the equation ; 

PA + 5H,0->2P(OH)„ 

Such a compound cannot be separated from solution, however. At- 
tempts to isolate it result in a eompoimd containing one molecule less 
water, which is known as ortho- phosphoric acid. 
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On gentle heating, 255°, ortho-phosphoric acid loses water, forming 
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Pyro- phosphoric acid on further heatinj; breaks down into meta- 
phoaphorie acid. 



H— O 
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These modifications of phosphoric acid are more stable than the sim- 
ilar modifications of arsenic (see page 163) or other acids and have 
an independent existence for & time in, as well as out of, solution. 

Iffleta-phosphorlc acid, HPO,, is a colorless glassy-lookin;^ substance, 
which is often cast into stielts and known as ' ' glacial ' ' phosphoric acid. 
It is readily soluble, in aqueotis solution acting as a monobasic acid, of 
which only the salts of the alkaline metals are readily soluble. It may 
be distinguished from the ortho and pyro acid by the facts that it gives 
white precipitates with BaCl^ and AgNOj solutions and will coagulate 
egg albumen, 

Pyro-phosphoric acid, H^PjOj, resembles the meta acid in appear- 

''ance but is much less common. It may be distinguished from the other 

forms of phosphoric acid by the fact that with AgNOj it gives a white 

precipitate, Ag|PjO;, only in solutions which are nearly neutral. It 

does not coagulate white of egg and gives no precipitate with BaCL, 

(except in an alkaline sohition, when white BbjPjOj falls. 

Both of these partially-dehydrated acids, on long standing in aqueous 

solution, take up water slowly and form the ortho acid. The reaction is 

'hastened by troiling and by the presence of a little dilute HNO,,, under 

which conditions they may be readily changed into the ortho form. 

For this reason they will not be considered further. 

Ortho-phosphoric acid^ H.,PO„ is a colorl&ss, crystalline solid, which 
IB very hygroscopic and extremely soluble in water. It melts at 38.6°. 
It acts as a tribasic acid, forming salts of three types, primary, secon- 
dary and tertiary, which resemble the corresponding salts of arsenic acid 
{see page 163). All the alkaline phosphates (see page 66) are soluble.^ 
The primary salts of the alkaline earths and of magnesium are also soluble. 
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Other phosphates are generallij insoluble in water, but readily soluble in 
the stronger acids. In acetic acid, which is of approximately the same 
strength as phosphoric acid, some phosphates are soluble, others insoluble. 
Phosphoric acid (and an alkaline phosphate similarly) in solution 
dissociates in three steps as ludicated : 



H3P0«-*H4-ILJ'0, (1) 

H,PO,^H + HPO. (2) 

HPO,^H + PO^ (3) 

+ 

The separation of H ions according to the first step takes place 
sufficiently to make phosphoric acid au acid of fair strength. Ionization 
according to the second and third steps is so slight, however, that, were 
its strength dependent upou this dissociation primarily, phosphoric acid 
would have to be classed among the very weak acids. 

In a solution of any phosphate, there will be a smaller concentration 
of the simple ion, PO,, than of the other ions formed according to the 
first or second steps. Nevertheles.s, when metallic ions are introduced into 
a solution containing all three of these phosphate ions, if a precipitate 
falls, it is generally of the type of normal salt formed by the simple 
PO^ ion even though it is present iu much smaller concentration. For 
acid salts, such as would be formed by the ions, H^PO, and nPO^, are 
generally much more soluble, hence not so readily precipitated. The 
secondary salts of a few metals are quite insoluble and are precipitated 
on the addition of the phosphate ion. Magnesium, calcium, strontium 
and barium (see pages 93, 97, 97, 100) are of this class and precipitate 
normal phosphates of the type Baj(POj); only from alkaline solutions. 

The barium ion, Ba, precipitates white BaHPOj from neutral solu- 
tions, soluble in acids, even in acetic acid. From alkaline solutions only, 
Ba.,{POj), is precipitated. This salt is also soluble in acetic acid. 

The silver ion, Ag, precipitates yellow AgjPO^, soluble in acids and 
in ammonium hydroxid. 

These two reactions, together with the fact that egg albiimen is not 
coagulated, serve to differentiate ortho-phosphoric acid from the pyro and 
mota acids. 

The magnesium ion, Mg, precipitates, from solutions containing am- 
monium a.s well as phosphate ions, white floccy (XH4)MgP0, which, on 
boiling, becomes crj'stalline. It is readily soluble even in acetic acid, 
(See page 93.) 

The ferric ion, Fe, precipitates straw-colored FePO, which, though 
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readily soluble in the strong mineral acids, is insoluble in acetic and other 
organic acids. The Al and Cr long give precipitates with similar prop- 
erties. Phosphoric acid is often removed from solution by precipitating 
with ferric shUs. (See [>a<?es 264 and 265.) 

The molybdate ion, M0O4, does not unite directly with the phosphate 
ion. However, when a solution of ammonium molybdate, (NH4)iMoOi, 
acidified with HNO,,, is added to a solution containing phosphoric acid, 
the latter combines with the anhydrid of niolybdie acid, M0O3, to form 
several complex phospho-niolybdic acids, with compositions ranging from 
H„PO<.10MoO, to II,PO<.14Mo03. Although these acids are soluble, 
their ammonium salts are insoluble in I1N0„, a reagent added to prevent 
the precipitation of any phosphate which might he in.sohible in water or 
weaker acids. Under appropriate conditions, a yellow precipitate of 
the proportions (Nnj3P0^.12>IoOa can be obtained, the fomuila of 
which may be taken as representing the comiwsitiou of the precipitate 
usually brought down. These complex phospho-raolybdates are broken 
down in alkaline solutions into simple phosphates and molybdates ol the 
alkali metal.s, all of which are readily soluble. 

Similar complex bodies are formed by arsenic acid with M0O3. (See 

page 164.) 

ARSENIC. As ~ 75. 

Arsenic, as it ordinarily occurs, is a crystalline gray, substance with 
a metallic lustre. Under atmospheric pressure, it does not melt but sub- 
limes, the vapor having a very characteristic garlic odor. At ordinary 
temperatures, it is but little acted on by the atmosphere but at 180° 
it burns readily with a bluish-whit(y flame, forming the white trioxid, 
AsjO,, the " white arsenic " of commerce. At ordinan,' temperatures, 
the molecule seems to double up and exists in the form (As.j03)i. 

The element is but little attacked by acids other than IINOj. In dilute 
solutions of this acid, arsenic is soluble. Although no salts of acids con- 
taining oxygen are definitely known,* As(NOj)j probably exists in solu- 
tion to some extent. Becau.se of hydrolysis, however, by far the greater 
part of the arsenic is present in the form of the hydroxid. 

/NO, H— 0— II /OH 

As— NO, + H— O— H -^ 3H— NOa + As— OH 

\N0, H— O— II \0H 



Concentrated HNO3 acts as an oxidizing agent and oxidizes the tri- 
valent arsenious compounds to pentavalent condition which are known 
* Except the sulfate. 
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as nrsenic conijwmuds. Possibly AsCNOj)^ is first formed but, as the 
metallic properties of any element decrease as the valence rises (see page 
45), this salt is hydrolyzed to an extent even greater than As(NOa)j, 
ami practically all the arsenic exists in solution in the form of the pen- 
tavaleut hydroxid. This compound loses one molecule of water, as 
shown in the equation, and exists in the partially dehydrated form : 



/N0„ H— O— H 
//N0„ H— O— H 
Ab— NO, + H— O— H 
\\N0, H— 0— n 

V\0, H— 0— H 



/OH 
//OH /OH 
, 5H— NO, + As— OH ^ 0=As— OH + H,0 
\\0H \0H 

\0H 



While trivalent arsenic shows the properties of a weak base-forming 
element, pentavalent arsenic exhibits almost no basic qualities whatso- 
ever, but dues possess acid-forming prtiperties quite strongly developed. 

Of the ftTsenic ions, the trivalent kathion, As, exists only to a small 
extent in solutions because of the great degree to which hydrolysis takes 
place. The peutavalent kathion, As, is practically unknown. Arsenic 
enters into the composition of several anions, of which those derived from 
arsenous and arsenic acids are the best known. These will be considered 
separately under appropriate headings. 

Compounds of arsenic, of whatever nature, are readily reduced. 
Pentavftlent compounds are rendered trivalent by mild reducing agents, 
such as H;S and SO™. More active reducing agents liberate the element 
itself, while the strongest reagents carry the reduction a step further 
and add hydrogen to it. (See page 39.) 

Heated before the blowpipe with Na„COj, on charcoal, all compounds 
of arsenic are reduced to the metal, indicated by the presence of the 
characteristic garlic odor. The hot vapors oxidize as they leave the 
heated charcoal, however, and usually form a white coating of the oxid 
on cool objects. 

Heated in a closed-tube with a mixture of 4 parts NajCO, to 1 
part of ECN, all arsenic compounds are reduced to the element and a 
ring of black arsenic will sublime out of the mixture and condense on the 
cooler portions of the tube. 

In the ' ' wet way, ' ' SnCL causes a reduction to the element and precip- 
itates arsenic as a dark-brown powder. Under the name of the Betten- 
dorf Test, this reaction sen,'es as a method of detecting arsenic. The 
reaction takes place only in the pre.sence of strong HCl, however, hence 
an equal volume of concentrated HCl is added to the solution to be tested 
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before adding the SnCl, whiuh, for this purpose, is dissolved in concen- 
trated HGl also. In dilute HCl solutions, the reduction will not take 
place. 

Nascent hydrogen will reduce arsenic compounds to the lowest stage, 
1. €., it will fonu arsenic hydrid, AsII^, or arsin. This is a colorless, ill- 
smelling, exceedingly poisonous ^as, analogoiis to NH, in composition 
but far less stable. Heated alone, it decomposes into arsenic and hydro- 
gen. In the air, ordinarily, it burns to H^O and AsjO,. If, howerer, 
the amount of air is limited, it bunm to HjO and As. 

The Marsh Teat, the mast delicate method known for detecting com- 
pounds of arsenic, depends on these reactions. It may be performeAj 
very satisfactorily as follows : Fit a six-inch test-tube with a stopper . 
pierced with a short glass delivery-tube drawn out into a jet. In the 
bottom of the test-tube place a few pieces of zinc* and cover with about 
10 ccni. of 4N HjSO^ made by mixing 1 volmne of concentrated HjSO^ 
with 8 volumes of water. Place a tittle cotton in the month of the test- 
tube to hold back any moisture, insert the stopper loo-sely and, after 
allowing a moment's time for the hydrogen to replace all air in the test- 
tube, cautiously bring the jet to a flame and ignite the issuing gas. If a 
slight explosion occurs, it indicates that all of the air had not been driven] 
out of the test-tube previoiLsly to igniting. Replace the cotton and stop- 
per and wait a longer time for the hydrogen to replace the air completely, 
then bring to the flame as before. If the gas bums quietly, extinguish 
the flame, remove the stopper and cotton plug and introduce a few dropa 
of the solution to be tested. Quickly replace the cotton and stop- 
per and, after a moment, ignite the gas as it issues from the jet.f 

If compounds of arsenic be present, arsin will be formed and will 
mix with the hydrogen and burn at the jet, giving the flame a bluish- 
white color and producing faint white clouds of As^Oj. If a cold porce- 
lain dish be held against the flame, thus limiting the supply of air, part 
of the arsenic will be deposited in the form of a velvety black .stain which 
is very volatile and is readily soluble in NaOCl (difference from Sb; see 
page 166), sodium arsenate being formed. 

* Since As is very wiJely distributed in dniall aroountg, many laboratory reagents, 
orUinary ztuc esficcially, contain traces of it. In delicate work it is therefore neces- 
sary to make a "blank test" to ascertain whether the reagents to be employed are 
free from As. The method of procedure is exactly as descrilied except that the solu- 
tion to b« tested is not added to the hydrogen generator. If no stain or mirror ap- 
pears, the reagents contain no As, and anything which may develop later will be 
entirely due to the solution which is being tested. 

t Or the delivery-tube may be made longer and the arsin decompoaed by heating 
the tube in the middle portion. Under these conditions, the As is deposited as a 
brilliant mirror on the sides of the tube at aoine distance beyond the flame. 
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Metallic copper precipitates arsenic from solutions of ita compounds 
strongly acidified with HCl, especially on warming. The arsenic unites 
with the copper, forming copper arsenid, CujAs™, which is gray in color. 
This is known as the Beinsch Test. Since, however, silver, mercury', bis- 
muth, gold, platinum, some sulfur compounds and certain organic sub- 
stances may produce similar stains or deposits on copper, such an indica- 
tion of arsenic must be confirmed by other tests. 

The ArseniouB Kathian, As. 
The hydroxyl ion, OH. added to a solution containing the As ion, 
produces no precipitate, as A.s(On)j is fairly soluble. It is known only 
in solution, however, since all attempts to isolate it have resulted only in 
the dehydrated product, (AsjOj)!. This is soluble in water to a slight 
extent, forming the hydro.xid again, but it dis-solves in acids or alkalies 
more readily, since the salts formed by arsenic with either acids or bases 
are more soluble than the hydroxid. Arsenious hydroxid, AsOgH,, 
may ionize in two ways, either as a base into the ions As and OH, or as 
an acid into the ions AsO^ and H. Its acidic nature is somewhat more 
strongly developed than the basic and its solutions in pure water have a 
slight acid reaction. In alkaline solutions the high concentration of OH 
ions causes a repression of its dissociation as a ba.se, while in acid solu- 

-1. 

tions the high concentration of H ions causes a repression of its ioniza- 
tion as an acid. (See page 31.) 

Consequently, in acid solutions, it acts as a base while in alkaline 
solutions it behaves as an acid. In acid solutions, the H ions unite with 
the OH ions separated by AsOjHj to form undissoeiated water and 
cause a continual reduction of the concentration of the OH ions neces- 
sary to maintain equilibrium. Hence AsOjHj continually dissociates 
into As and OH ions and thus is forced to show a basic character (see 
page 36) . The properties and reactions of AsOaHj, acting as an acid, will 
be considered later. 

The caxbonate ion, COi, has no efifect on the As ion, since arsenic 
carbonate is imknown. Alkaline carbonate solutions are always hydro- 
lyzed and contain the OH ion. For this reason, carbonate solutions have 
the same action as alkaline hydroxids, but in a smaller degree. 

The sulfld ion, S, gives a precipitate of yellow As^Sj from acid solu- 
tions only; from alkaline solutions no precipitate is thrown down be- 
cau.se of the formatiiwi of soluble salts of Ihioaeids (see page 162). 
Solutions of AsjO,, to which neither acid nor alkali have been added, 
color slightly when H^S is introduced, owing to the formation of a col- 
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loidal precipitate. They remain perfectly clear aod trauspareut, how- 
ever, and will pass through the finest filter paper. On boiling, or on 
the addition of a strong electrolyte, As^S, is precipitated in the usual 
form. (See page 37.) 

The H ion has no efifect on As^Sj, but IINOj oxidize it to IIjjYsO^. 
In alkalies and their sulfids and in ammonium carbonate, As^Sn is solu- 
ble, forming salts of thJoacids. (See page 162.) 

The sulfate ion, SOj, produces no precipitate, as the sulfate is soluble, 
especially in the slightlj' acid solutions necessary to prevent the forma- 
tion of insoluble basic salts. Other salts of oxygen acids are unknown. 

The chlorid ion, CI, and other halid ions produce no precipitate, 

since the halid salts of arsenic are soluble. Arsenious chlorid, AsClj is 

an oily liquid, B. P. 130°. Dissolved in a little water, it hydrolyzes into 

the basic salt, 

OH 

/ 
As— OH 

\ 

CI 

In dilute solutions, it separates into the hydroxid and HCl almost en- 
tirely, owing to the mas.s action of the water. If IICl be added to a. 
dilute solution, however, because of the increased concentration, AsClj 
is formed again in proportion to the excess of acid added. An equilibriiun 
exists which may be represented by the equation ; 

2 AsCl, + 3H3O ** 2As ( OH ) , + 6HC1 

Because of these and similar reactions, if any arsenious compound 
be heated with HCl, it will be changed into AsClj which, being volatile, 
will be gradually driven off. 



Arsenic Componiida. 

Pentavalent arsenic compounds are all of an acid nature. No salts 
of oxygen acids are known. The halids are entirely decomposed by 
water. The sulfid, As^Sj, is not decomposed by water, but may be 
precipitated from acidified solutions of pentavalent arsenic compounds \ 
by HjS. It is yellow in color, less stable than the trisulfid, into which is 
slowly decomposes with the separation of sulfur. It is insoluble in acids 
generally, but is oxidized by UNO, and otheroxidizing agents to HjAsO, 
and IIj,SO, (or free sulfur, see page 50). It dissolves in alkalies, alkaline J 
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sulfids and ammonium carbonate, forming salts of thioacids aoalogous 
to those of trivalent arseuic. (See page 164.) 

Ar sen ins Acid. 

Arsenious hydrozid, Ae(OH}.„ shows more acidic properties than 
basic properties, and is ordinarily known as arsenious acid and written 
HjAsOa. As already stated, it exists only in solution and, on any attempt 
to isolate it, separates water and gives the oxid whieh thus becomes ar- 
senious acid anhydrid. But slightly soluble in water, (AsjOj)^ dissolves 
readily in alkaline solutions, forming salts of which three types are 
known. They are derived from the hypothetical arsenious acids repre- 
sented by the formulae : 

f These acids differ only in the extent to which they are hydrated. 

All are verj' weak and, even in dilute Bolution, but few arsenious anions 
are found. 

Ortho-arsenites are not very stable, AgjAsO^ being the only well- 
known example. Salts formed from solutions are generally of the meta- 
type, MAsO;, although some pyro-arsenites are definitely known. 

All araenites, with the exception of salts of the alkalies, are soluble 
with difficulty in water, but, like salts of weak acids, generally are readily 
soluble in the strong mineral aeid.s. 

All arsenites are transposed by boiling with NajCOj, according to 
the equation for a typical reaction : 

2Ag,As03 + SNajCOa -^ 3Ag,C0, + 2Na,AB0, 

The baritun ion, Ba, added to a solution containing an arsenite, pre- 
cipitates white barium meta-araenite, Ba{AsOj),. readily soluble in 
dilute acids. 

The silver ion, Ag, precipitates yellow (difference from HjAsO,, see 
page 164) silver ortho-arsenite, like all salts of arsenious acid soluble in 
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dilute acids, like most silver salts soluble in NH^OII (see page 85)^ 
Hence it requires a distinctly neutral solution for its precipitation. 

The magnesium ion, Mg, in the presence of aniinonium salts, gives n 
precipitate (difference from H^AaOi). 

The molybdate ion, M0O4, produces no precipitate (difference from 
H,AsO,). 

The salts of thioarsenious acid are veiy analogous to the salts of 
arsenious acid and may be considered as derived from the latter by the 
substitution of sulfur for oxygen, as shown by the formulae : 



4 



0— Nil, 


S— NH, 


/ 


/ 


As— 0— NH, 


As— S— NH, 


\ 


\ 


0— NH, 


S— NH, 


Ammonium arsenile. 


Ammonium tliloiineulte. 



Salts of this nature are formed when arsenious sulSd is dissolved in 
alkalies, alkaline sulfids or in ammonium carbonate, and, also, when H^S 
is passed into an alkaline solution of arsenious acid, as is shown by 
following reactions: 

Ab,S., + 6K0n -> K3ASS5, + K3 AsOj + 3HjO 

A8,Sj -f 3 ( N'H, ) ,S' -> 2 ( NH J ,.\sS, 

As,S, + 3 ( NH, ) ,C0„ -.. (NH J ,AsS, + ( NH, ) ,AsO, + 3C0, 

2Na,AsO, + 3H^S -^ Na^AsSj + NajAsO, + 3H,0 

On acidifying a solution of a thioareenite, thioarsenious acid, HjAsS,, 
is first formed but. just as arsenious acid splits out H^O and forms As.O,, 
.so thioarsenious acid splits out H„S and forms As^Sji 

2H,AsO, -* As,Oj, + 3H^0 

2II,AsS, -^ As A + 3BS 



Consequently, on acidifying a solution of a thioarsenite, As^S. is pre- 
cipitated. Because of the possible formation of soluble salts of thio- 
arsenious acid, it is neces.sar.v to acidify strongly with HCl a solution 
an arsenite, if it is desired that h&^^ be precipitated by introducing^ 

* If a jellow poljuulfid 1dg used instead of a colorless moDosulfid, the exceaa 
Bulfur will oxidize the thioarsenite over to the corresponding thioursenate. 

AsJB, + 3(NH.),S.s8 -* 2(NH.),AsS. + {3i — 2)8 
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V' Pentavalent arsenic compounds, as previously stated, have a well- 

I developed acidic character, the pentavalent hydroxid beiug ordi- 

f narily known as arsenic acid. It is most readily formed by the oxi- 

dation of arsenious oxid in the presence of water. On evaporation, 
ortho-arsenic acid, HjAsO^, is obtained an a white, cr\*stallinsj powder, 
readily losing water on heating, giving H^AsjO,, pyro-arsenie acid, and 
HAsO,, meta-arsenic acid. On di.ssolving in water, the dehydrated acids 
take up water again. 

The salts of ortho-arsenic acid are of three types, — primary, secon- 
dary and tertiary — depending on the amount of hydrogen replaced by 
metal. Primary salts on heating form meta-arsenates, and secondary 
salts pyro-arsenates. 



M— 

\ / 

H— 0-As=0 ^ M— 0— As 

/ \ 

H— 



+ ^^0 



M— 




\ 
M As=0 


MO 


/ 
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\ / 
M As— + Bja 


H— 


/ 
M_0— As 


\ 
M— 0— As=0 


/ \ 
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/ 
M— 





Solution in water causes hydration, as in the case of the acids; 
hence, the acid and it.s salts are always of the ortho- form in solution. 

Arsenic acid, although dissociating to a greater degree than arsenious 
acid, cannot he considered strong, and it.s alkali salts show hydrolytic 
phenomena to a greater extent than the eorresiwnding salts of phosphoric 
acid, to which it is veiy similar. 

Of the salts of arsenic acid, those formed by the alkali metals are 
readily soluble. Others are getierally insoluble in water, but readily 
soluble in mineral acids. 

All arsenates are transposed by boiling with sodium carbonate. 
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The barium ion, Ba, added to a aoliition containing an arsenate, pro- 
duces a white precipitate of Ba3(AsO,)i., soluble in dilute acids. 

The silver ion, Ag, precipitates chocolate-colored (difference from 
HjAsOa, see page 161) AgjAsO^, very soluble in dilute acids and in 
NH^On, requiring a distinctly neutral solution for its precipitation. 

The magnesium ion, Mg, from solutions containing the ammonium 
ion Eis well, precipitates white (NH,)AIgAsO,.6H„0, which may be ren- 
dered heiiutifuUy crystalline by boiling or by being brought down slowly 
from solution. The presence of NH^Cl aids the transformation from 
the flocculent to the crj'stalline form. 

The molybdate ion, MoO^, from solutions of the ammonium or other 
similar salt, causes a yellow precipitate to fall which has the composition 
represented by the formula, (NH^)gAsO,.12Mo03.4HjO. This is to be 
regarded as the ammonium salt of a very complex arseno-molybdic acid. 
It is insoluble in HNOj, but in alkaline solutions it dissolves readily. 

The salts of the thioarsenic acids are very analogous to the ordinary 
araenates and resemble closely the salts of thioarsenious acid. Two types 
are recognized, depending on the proportion in which the oxygen of 
arsenates has been substituted by sulfur. In one form, all of the oxygen 
has been replaced by sulfur ; in the other, only one-quarter, as is shown 
by the formulae: 



NH,— 

\ 

NH.— 0— A3=0 

/ 
NK,— 

AanDonium arsenate. 



NH,— S NH,— O 

\ \ 

NH^— S— A3=S NH,— 0— As=S 

NII,~S NH,— 

Ammonium thlo&netiatef. 



Salts of thioarsenic acid are formed by dissolving arsenic sulfid, 
ASjSe, in alkalies, alkaline sulfids or ammonium carbonate-, by dissolving 
arsenioiis sulfid, AS5S3, in alkaline polysulfiils ; or by passing HjS into a 
solution of an arsenate which has not been acidified. The following equa- 
tions indicate the reactions taking place: 

ASjS, + 6K01I -^ K^AsS, -f K^AsO^S + 3H,0 

AbA + 3(i\HJ,S^2(NHJ,AsS, 

As,S, + 3(NHJ,C03 -» {NHJ.,AsS, + (NHJ,AsO,S + SCO, 

Ab,S, + 3(NH,},S.xS-^2(NIIJ,AsS,H-(3x— 2)S 

2Na,AsO. + 5H^S^ Ka^AsS, + Na^AsO^S + 511^0 

On acidifying a solution of a tbioarsenate, thioarsenic acid, H3AsSt 
(or HsAsOjS), is first formed, but it immediately decomposes into As^Sj 
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and HjS, analogously to the manner in which arsenic acid may be broken 



down into Asj,0„ and HjO. 



, 



2H.AsS.- 



. As ,0, + 3IIjO 

-AaX + ^^aS 



On acidifying a solution of a thioarsenate, therefore, Asji^ is precipi- 
tated. These reactions make evident the reason why ai*seuic sulfid is best 
precipitated from solutions quite strongly acid with IICl, On passing HjS 
into an acidified solution of an arsenate, the precipitate usually obtained 
consists of ASjSj, Ass,S., and free sidfur, indicating that the H,S acts 
partly as a reducing agent as well as a precipitant. 

ANTIMONY (Stibium). Sb— 120.2. 

Antimony is a white, crj'stallirie. very brittle inetaL It does not tar- 
nish in the air, but, when heated, bums with a (^rreeiikh-white flame to the 
white trioxid, Sb^Oj, which, except at extremely high temperatures, has 
the double molecule, (SbjOj);, like the corresponding oxid of araonie. 
The trioxid readily absorbs more oxygen, if heated, and becomes SbjO^. 

The metal is not ordinarily acted upon by acids with any readiness 
even when heated. The oxidizinp action of IINOj is more affective than 
HCl or HjSOi and results in the formation of (Sb,Oj)j in dilute, and 
SbjOj in concentrated solutions. Aqua regia is the only satisfactory 
solvent, however, converting the metal into cblorids. 

Antimony requires the expenditure of a small amount of energy to 
make the metal pass into the ionic condition, hence it is precipitated from 
solutions of its salts by several other metals, especially zinc, which shows 
a greater tendency to become ionic. The element shows a valence of 
three and five, and, as is always the case, compounds showing the lower 
valence act more like metallic compounds than those of higher valence. 
Trivalent antimony ahoira considerably more basic properties than tri- 
valent arsenic, but its acid properties are not so well developed. Pen- 
tavalent antimony acts as a very weak base-forming element, no salts of 
oxygen acids being known. Its acid properties are not so striking as 
those of pentavalent arsenic. Since the trivalent compounds pass quite 
readily into the higher form in the presence of oxidizing agents, they 
are to be regarded tm reducing substances. 

Under the influence of reducing agents, antimony compounds behave 
just as do the compounds of arsenic. 

Heated before the blowpipe with NaXO, on charcoal, all antimony 
compounds are reduced to the metal, leaving a bright white globule 
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which is exewdiiigly brittle ( diflfcreiice from Sn, Pb, and Ag), does not 
dissolve iu UNO, {difference' from Pb, Ag and Bi) but is changed to a 
white iTowder (like Sii). It will not dissolve appreciably in hot concen- 
trated HCI {distinction from Sn) and passes into solution only on treat- 
ment with a(|via regia. On diluting, n,.S gives an orange precipitate. 
Since the metal oxidizes readily, a coating of white oxid forms on the 
charcoal near to the melt. The fumes are odorless, thus differentiating 
them fnmi arsenic. 

Nascent hydrogen acting on any soluble antimony compound iu acid 
solution forms stibin, SbHj. In alkaline solutions, it does not form (dis- 
tinction from As). It is verj' similar to AsII,, and, like it. is decom- 
posed on heating in a glass tube into hydrogen and the metal. Since 
stibin is less stable than arsin and antimony is less volatile than arsenic, 
the deposit will appear much nearer to and usually on both sides of the 
flame. Stibin burns with a greenish-white flame to the oxid but, in a 
limited supply of air, deposits on cold jiorcelain held in the flame metallic 
antimony which, unlike the brown velvety stain produced by arsenic, is 
black and metallic in appearance and will not dissolve in NaOCl. 

All the salts of antimony hydrolyze verj^ decidedly and tend to pre- 
cipitate oxy-eom pounds from solutions. For this reason, no simple salts 
of antimony are soluble in wat^r in the ordinary sense, but the halids are 
quite soluble in the presence of a small per cent, of acid. 

Of the antimoDy ions, Sb is best known. The pentavalent kathion is 
unknown. Antimony is a constituent of several anions, of which SbOg 
and SbO^ may be considered typical. Corresptmding to these are the 
thio ions SbSj and SbS^, The antimonate ions, in which the element 
shows a valence of five, are better known than the antimonite ions. Com- 
plex anions are well known. Of these, the antimony-tartrate ion, 
SbO(C,H40fl) is the most important. 

The reactions of the Sb ion may be moat satisfactorily studied by 
using slightly acid solutions of the chlorid. 



The Antimonous Ion, Sb. 
The hydroxyl ion, OH, added to a solution containing the Sb ion, 
precipitates Sb{OII), which loses water in various proportions, 
forming finally (SbjOj)^. All of these dehydration products are 
capable of separating both H and OH ions, the former being called 
forth in alkaline solutions especially, the latter in the presence of 
acids. For this reason, the precipitate is somewhat soluble in alkalies as 
well as in acids. Solutions in pure water react slightly acid, hence the 
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hydroxid is sometimra called ortho-iiiitinionous acid. The partially- 
deliydratcd substances corruspond to the pyro- and meta- acida. The 
latter has never been definitely iaolated. however. Of the salts of the 
various antimonom acids but little is definitely known. Certain ones of 
the nieta type, M — — Sb = 0, exist but, as none are important, they 
will not be further considered, 

Antimonous hydroxid or oxid is readily soluble in tartaric aeid, form- 
ing a comple.'i antimony-tartrate ion, SbOCCJIjOo), many compounds 
of which are soluble. 



H 

// \ 

Sb— OH + II— (C.n,0„) 



H 



\ 

= Sh-(C,H.O,) + H.,0 



Bodies containing the univalent nidicle, (0 = Sb — ), are known aa 
antimonyl compounds. The potassium antiraonyl-tartrate is the most 
important and is known as "tartar emetic" becaujje of its medicinal 
action. At ordinary temperatures, this complex salt is soluble in about 
8 parts of water. The antimonyl-tartrate ion is quite stable in the pres- 
ence of OH ions, llj'drogen ions tend to decompose it and, in acid solu- 
tions, the reactions of the Sb ion predominate. On adding IICl, the oxy- 
chlorid is precipitated. Nitric or sulfuric acid bring do\m the hydroxid 
because of hydrolysis of the sulfate and nitrate first formed. From acid 
"tartar emetic" solutions, the same precipitate falbi when the S ions is 
introduced as from SbCl^ solutions. Similar antimonjd ions are formed 
with citric and other organic acids. 

The carbonate ion, CO,, produces? the same precipitate as the OH ion 
for, since antimony carbonate is unknown, it is the OH ions formed by 
hydrolysis which are the active agents in solution. 

The sulfld ion, S, precipitates orange Sb,S;„ soluble in alkalies and in 
alkaline sulfids and polysulfids, forming compounds similar to those of 
arsenic (see page 160). U.nlike As^S,, the precipitate is soluble in hot 
liCl and insoluble in (NIIJ._.CO..i. On fusion, it turns black and crys- 
tallizes in the form of the natural sulfid, atibnite. 

The sulfate ion, SO,, produces no precipitate, since 8b2(SO^}, is 
soluble ill dilute mid solutions. 

The chlorid ion, CI, produces no pi-ecipitate. since SbCl, and other 
halids are soluble in dilute aeid solutions. Antimony triehlorjd forms 
UBuall.v a colorless crvstalline nias.s, which, because of its softness at ordi- 
narj' temperatures, is known as "butter of antimony." Wlien treated 
with about twice its weight of water, it hydrolyzes and forms SbOCl, but, 
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if diliited, the mass action of the water disturbs this equililiriiuu and 
hydrolysis taltes place to a greater degree, resulting in an adniixtnre of 
the oxid with the oxychlorid. This is a reversible reaction, however, and 
the precipitate dissolves as the concentration of HCl increases, and forms 
again on dilution. The precipitate is soluble in tartaric acid and alka- 
line tartrates, forming the complex antimonyl-tartrates. It is also some- 
what soluble in alkalies, forming salts of antimonous acid. 

The thioantimonites corresjrand to the salts of antimonous acid, as 
do the thioarsenitea to the arsenites. They are in every way analogous 
to the thioarsenites in properties, reactions and methods of formation. 
The ion SbS, is unstable in acid solution and, on acidifying a solution . 
of a thioantimonite, II. S and Sb,Ss is precipitated as in the case of thio-J 
arsenites. (See page 162.) 

Fentavalent Antimonic Compounds. 

Pentavalent antimony acts much less as a base- forming element than 
when it is in the trivaleot condition, hence no salts of oxygen acids are 
known and all salts hydnjlyze to even a greater extent than with anti- 
monous compounds. A higher percentage of acid is required to keep 
them in solution. Antimony pentaehlorid, SbClu, is a yellow fuming 
liquid, soluble in moderately concentrated HCl, but, in such solution, 
exists practically as un dissociated salt. On treatment with HnS in the 
cold, orange SbjSj can be precipitated. Under ordinary conditions, the 
precipitate consists of SbjSj, Sb„S., and free sulfur, thus indicating that a 
partial reduction to the lower condition ha.s been caused by the H„S. An- 
timony pentasulfid is soluble in concentrated HCl, in alkalis and alkaline 
sulfids and polysulfids, fonning thioantimonates. In the ordinary solution 
of (NHJ1CO3, when heated, it is somewhat soluble. In the cold it is 
insoluble, however, and may be differentiated in this way from the sid- 
fids of arsenic. (See page 160.) 



Antimonic Acid. 

The pentavalent hydroxid of antimony, Sb(OH)i;, doea not exist but 
various dehydration products are known. Since these all possess well- 
defined acid properties, they are ordinarily called antimonic acids. 
Three forms are recognized, corresponding exactly with the arsenic acids. 
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Many salts of these aeids are known, generally of the pyro- and 
meta-types. Since the antimonie aeids are all weak, the salts all hydro- 
lyze considerably and are generally of but little importance. The acid 
sodium pyroantinionate, NajHaSbjO,, is of interest because of the fact 
that it is one of the most in.soluble simple sodium salts known. It re- 
quires about 400 parts of water to dissolve it. The corresponding potas- 
sium salt is more soluble and precipitates the sodium salt when the Na 
ion is introduced. This is sometimes used as a test for sodium salts. 

The barium ion, Ba, added to a solution containing an antimonate, 
precipitates white Ba(Sb03)i. 

The silver ion, Ag, precipitates AgSbO^, readily soluble in acids and 
in NH,OH. 

Thioantimonates are better known than most other salts of thioacids. 
In general, they correspond closely with thioarscnates (page 164) in 
properties and methods of formation. The thioantimonate ion, SbS^, is 
no more stable in acid solutions than is the ion AsS^, and the acid decom- 
poses into H„S and Sb^S.,, just as the thioacids of arsenic do. The most 
important compound of this type is known as "Schlippe's salt" and has 
the composition indicated by the formula Na.,SbSi.9H„0. 



BISMUTK Bi — 208.S. 

Bismuth \v, a very brittle, crystalline metal of a reddish-white color. 
At ordinary temperatures it is not tarnished by any constituent of the 
atmosphere, but, at higher temperatures, it unites with oxygen, forming 
pale yellow bismuth tric^id, BijO,. 

The metal is but little soluble in dilute HCl or II^SOi. Dilute HNO, 
has some action. In hot concentrated H,SOj or fairly strong HNO, it 
dis-solvfts readily. The element absorbs a small amount of energy in 
passing from the metallic into the ionic condition, therefore it.s salt.s may 
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be reduced without difficulty. The metal is precipitated from solutions 
of its salts by metallic zinc. 

Heated before the blowpipe with NsjCOj on charcoal, all bismuth 
salts are reduced, leaving a bright metallic globule which is brittle (differ- 
ence from A^', Pb, and SnJ. A coating — orange-yellow, hot; lemon- 
yellow, cold (difference from Pb and Sn) — i.s formed on the charcoal, 
due to oxidation of part of the metal. The globule is soluble in warm, 
fairly concentrated HNO^ and, with IICl, gives a precipitate (if at all) 
'only in very dilute solutions (difference from Ag and Pb). This precipi- 
tate is soluble in a slight excess of acid and may by this means be ' 
furtlier differentiated from lead and silver. 

Salts of bismuth are generally colorless. None of them dissolve read- 
ily in pure water, owing to the formation of insoluble oxysalts. Bismuth 
acts as a very weak, trivalent, base-forming element, hence its salts 
hydrolyze verj' considerably. The regular equation would be: 

NOg OH 

Bi— NO, + 3H0H -» Bi— OH -|- 3HN0, 

\ \ 

NO, OH 

Hydrolysis is, however, a typical reversible reaction, for bismuth 
hydroxid is soluble in HNOj with the formation of the nitrate and water. 
Hence a condition of equilibrium ensues in which both bismuth hydroxid 
and nitrate are present. The mixture seems to be within the molecule 
(see page 21), however, and basic bismuth nitrate results. Thb loses 
water, as the equation shows, and forms the oxysalt which is known as 
the " subnitrate. " 

OH 0' 

/ / / 

Bi— OH -» Bi— 0— N + H,0 

\ \ 

NO, 

To prevent the precipitation of salts of this character, an acid must be 
present in the solution. In the presence of a little of their respective 
acids, the chlnrid, sulfate and nitrate all dissolve readily. For this rea- 
son, all bismuth salt solutions react strongly acid to litmu.s. 

The only bismuth ion is Bi. This shows little tendency toward the' 
formation of complex ions, hence bismuth reactions. are for the most part 
normal. The nitrate, chlorid or sulfate are satisfactory solutions for 
studj'iiig the reactions of the Bi ion. 
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The hydroxyl ion, OH, gives a flocculent precipitate of white 

Bi(0H)3, lujcler ordinary conditions insoluble in an exeess of alkaline 

hydroxids. In hot concentrated KOII or NaOH it is slightly soluble, 

however, thus showing a tendency to act as an acid-forming element.* 


On boiling, Bi(OH), loses water and forms Bi<j^Tj which is slightly 

yellowish in color. On further heating. Bi^Oj is formed. 

When heated with an alkaline solution of sodium stannite, Na^SnO;, 
the oxid or hydroxid turns black, owinc; to the formation of a mixture of 
a lower oxid, BiO, and of metallic bismuth, both of which are black. The 
tin is oxidized as the bismuth is reduced, according to a reaction which 
may be written so as to express both stages of the reduction : 

BijO, + 2Naj,SnO^ -^ BiO + Bi + 2Na,SnO, 

The carbonate ion, CO^, brings down basic bismuth carbonate, owing 

to hydrolysis of the precipitating reagent. 

The sulfid ion, g, precipitates brownish-black Bi^Sj, soluble in HNOj 
due to oxidation to BiCNO^), and free sulfur, but otherwise insoluble in 
acids. Unlike antimony, arsenic and tin, the acid properties of bi.smuth 
are not sufficiently developed to allow the formation of salts of this acid, 
therefore, Bi^Sj is not soluble in alkalies or alkaline sulfids, 

The sulfate ion, SO,, causes no precipitate, since Bij{S04), is soluble. 
An oxysalt, with the formula given below, forms readily in dilute 
solutions. 

Bi=0 Bi-=0 

\ \ 

SO, OrO^ 

/ / 

Bi=0 Bi=0 



The chromate ion, CrO,, precipitates a yellow oxyohromate (formula 
given above), soluble in IINOj but insoluble in NaOH and thereby dif- 
ferentiated from yellow PbCr04 which is soluble. 

•A few compounds are known in which biamuth is pentsvalent. According to 
the genera] rule, as tho valence rises the aciiiic properties develop. The coinpminil 

<0 ^O ^0 

, similar to H — O — N<f' and H — O — PC' . w known as Wa- 

muthic acid, It ia of a bright red color and forms salts, among which an oxid BiiOi 
(or BiOj) is to be oonsidercd aa the oxy biaimttH salt of biwuuthic acid, as its struc- 
taral formula indicates, Bi:=0 Bi=0 
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The chlorid ion, CI, gives no precipitate, since BiClj is soluble. The 

,0 
tendency toward the formation of bismuth oxychlorid, Bi ^ , is very 

marked whenever the concentration of acid becomes sufficiently low to 
permit hydrolysis to take place. A beautiful illustration of the phe- 
nomena of equilibrium and mass action may be obtained by diluting 
cautiously a BiCI, solution until a precipitate forms. This will dissolve 
on the addition of a drop or two of concentrated HCJ, to be precipitated 
again as soon and as often as the concentration of acid falls below the 
equilibrium requirement because of dilution. Since bismuth is more of 
a base-forming element than antimony, the precipitated BiOCl is far more 
soluble in acid than the similar salt, SbOCl, which it closely resembles. 
Since bismuth is le.'!s of an acid-former than antimony, BiOCl is insoluble 
in alkalies, while SbOCl dis-solves readily. Bismuth oxychlorid is insol- 
uble in tartaric acid, Hj(C,H^08), and is turned black by HjS, whereas 
SbOCl is soluble in tartaric acid and is turned orauge by HjS. 

The iodid ion, I, precipitates black Bilj from fairly concentrated 
solutions. From dilute solutions, orange BiOI falls, an oxyiodid similar 
to BiOCl. Bismuth tri-iodid is soluble in excess of alkaline iodids forming 
the complex ion, Bil„ which decomposes on dilution into the simple ions 
with the precipitation of black Bilj first aud later of orange EiOI. 

The cyanid ion, ON, probably forms Bi(CN)j at first, but this is 
hydrolyzed completely and Bi(OH)i, is precipitated. No simple cyanids 
of trivalent metals are known. 

The phosphate ion, PO^, precipitates white granular BiPO, which is 
interesting from the fact that, unlike all ordinary phosphates, it is not 
readily soluble in solutions of the strong acids. 

Group 5, Second Type. 

Vanadium 51.2 ; Niobium 94 ; Tantalum 133. 

Three rare elements are the only known members of this type. In 
general, they resemble those elements of the first type which have medium 
atomic weights and they will not be considered further. 

Group 6, First Type. 

Oxygen 16; Sulfur 32.1; Selenium 79.2; Telluriiun 127.6. 

The elements of Group 6 show characteristic valences of six or two. 
The members of this aud the following group, however, are capable of 
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forming compoimda m which the elements exhibit valences intermediate 
bet%veeii thtme which are considered as most eharacteristie. Inasmuch 
as the properties of the compounds change as the valence of the element 
rises, compounds of widely different nature may be formed by the same 
element. 

The members of this group are light non-metallie elements, not par- 
ticularly active at ordinary temperatures but, as the temperature ri8e9,j 
they unite readily with most other elements. For these reasons, they ' 
are found in nature both free and combined. Hydrids, of the type HjO, 
are well known and imixirtant. They possess the properties of very 
weak acids. Combination with oxygen takes place readily in various 
proportions, ox ids being formed which act as acid anhydrids. These 
unite with water, forming acids, the strength of which increases as the 
valence of the element in them rises, those of the sulfuric acid type, 
HjSO^, being much stronger than the sulfurous acid type, HjSOg. 

Selenium and tellurium are not of common occurrence and they will 
not be considered further. 

OXYGEN. O — 16. 

Oxygen is a colorless, odorless gas, occurring free in the atmosphere 
to the extent of about 21 per cent, by volume. In combination with 
other elements, it is estimated that oxygen constitutes about 50 per cent, 
of the known crust of the earth. It is but slightly soluble in water, yet 
dissolves in this medium more than in any other ordinary solvent. 

Although oxygen enters into combination with every element except 
fluorin and the members of the inactive argon group (see page 65), 
at ordinary temperatures it is comparatively inactive and most reactions 
take place so slowly as to be almost imperceptible. At higher tempera- 
tures, however, it becomes very active and it unites with many substances 
so rapidly that both heat and light are produced. Union with oxygen is 
the chemical reaction ordinarily understood by the term, combustion. 

Oxygen itself does not burn under ordinary conditions, but other 
substances burn in it, and the presence of oxygen gives to the atmosphere 
its power to support combustion. As might be expected, all substances 
burn more rapidly in pure oxygen than in air, and the abilityto hasten 
combustion is taken as a test for the presence of oxygen." A piece of 
charcoal, glowing in the air, burets into tlame when introduced into a 
jar containing oxygen and many substances, such as iron, which do not 
burn in air, burn vigorously in pure oxygen. 

• Some of the oxids of nitrogen support combustion bettor than air but they may 
be rea(3ily differentiated fi-om oijgen by their odora. 



174 



QUALITATIVE ANALYSIS. 



An allotropic modificalian of the elemeut is known as ozone. It is a 
gas with a very characteristic peiietratiiifj odor, and pale hhie color seen 
only in large volumes of the gas. It may be formed by subjecting the 
ordinary modification to the action of electricity, when a contraction in 
volume occiirs. In general, whenever oxygen is formed, some ozone 
is formed also. It is comparatively unstable at ordinary tempera- 
tures and, on heating to 300°, breaks down completely into the ordinary 
modification with an increase in volume half as great as the original vol- 
ume. For these and other reasons, the molecule of ozone is supposed to 
be Oj while that of ortlinary oxygen is O^. 

Ozone is about as active at ordinary temperatures as oxygen is at 
high temperatures. It is one of the most energetic oxidizing agents 
known, usually giving up only one-third of its oxygen and changing into 
the ordinary form. Moist ozone oxidizes all the commoner metals except 
pold and platinum to the highest pos.sible valence and affects many of 
the non -metallic elements in the same way. 

Ozids arc formed by the direct itiiinii of clcmctits with OTyycn (or 
ozone) and also by healing the corresponding hydroxlds, carbonates, 
nitrates, or salts of organic acids which usually decompose into carbonates 
first. Many oxids are insoluble in water. Of these, oxids formed by 
metals are soluble in the strong acids,* while those formed by non-metal- 
lic elements are soluble in solutions of the strong bases. 

All oxids unite tvtth water to form ht/droTtds, either directly or] 
indirectly. 



Na,0 + H,0^2NaOH 

B.,0, -f 3H,0^2B(OH)jj 
p;0,-f 5H,0^2P(OH), 



Ca0 + H„0^Ca(0H)3 
Si03 + 2H.O^Si(OH), 
S0, + 3Hjb^S(0H), 



Although the properties of these hydroxids grade one into the other 
very gradually, for convenience they may be divided into two general^ 

classes : 

+ 

(a) Those hydroxids which in aqueous solution separate H ions ore] 
known as acids, and the ehmcjits from which they arc derived as\ 
non-metalUc or acid-forming elements, 

(b) Those hydroxids which in aqueous solution separate OH ions are) 
Jcnown as bases, and the dements from which, they ore derived as metals ( 
or base-fonning elements. 

The hydroxids of certain elements do not separate H or OH ions tol 

• Certain naturally-oecurring oxids, or the artificial producta which have heea | 
atrottgly ignitet), are soluble with extreme difficulty. 




any great extent but, to a sUgItt extent, they may separate either under 
different conditions, i. c, they may act either as acids or as bases, depend- 
ing on their environments. In the presence of more strongly acidic 
hydroxids, they act aa bases and in the presence of distinctly basic hy- 
droxids they play the part of acids. (See page 22.) 

Many elements unite with oxygen in more than one proportion and 
the chemical tiature of the corresponding hydroxids varies with the state 
of oxidation, ike more higklif-oiidizcd compounds possessing more acidic 
properties than those in which the element exhibits a sm.aU.er valence 
(see page 45). As the valence of the element rises, usually the fidl 
amount of water uecessarj' to form the normal hydroxid does not unite 
with the oxid but the common ly-oecurriug forms may be represented as 
the normal hydroxids minus one or more molecules of water. 



P{OH), — H,O^H,PO, 



s(OH).,— 2n,o^n„so. 



The different degrees of hydration are denoted by the prefixes ortho. 
meta and pyro, these terms being iLsed most commonly in connection with 
acidic hydroxids. Ortho acids represent the ordinary degree of hydra- 
tion, i. c, the form mast commonly -occurring. Meta acids are formed 
from ortho acids hy the loss of a molecule of water. Pyro acids are 
obtained by the separation of one moleeide of water from two molecules 
of the ortho acids. 

Meta Type. Pyro Type. 



— HjO -^ H— O— B==0 
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/ 

H— 

Water, H,0. 

Water, the common oxid of hydrogen, is a clear, almost colorless, 
tasteless liquid, boiling at 100° and changing to a colorless solid, ice, at 
0°. It dissolves a great many substances readily and is the most general 
solvent known. It may be regarded as the hydroxid of hydrogen and as 

+ — 

such it dissociates to an exceedingly small degree into II and OH ions.* 
It is, therefore, either acidic or basic in nature. With most bodies, it acts 
as a neutral reagent, however, but with substances possessing extreme 
properties, water takes on a definite character of its own. 

In contact with the strong base-forming elements water acts as an 
acid. These metals show a much greater tendency to pass into the 
ionic condition than hydrogen does. When sodium or potassium is 
thrown ux)on water the electrical charge passes from the II ions of the 
water to the metal, which then enters the ionic condition. On losing its 
charge, the hydrogen pas.ses out of the ionic condition and is liberated in 

* There is evidence to indicate that the dissociation of water into H and OH ions 
is only the first step in the process and that water, like other weak acids, undergoes 
further dissociation to a very slight degree with the formation of (3 ions and a second 
H ion. 
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g^eoiLS form. A comparison of the etiiiations expressinj:; the action of 
water and of hydrochloric acid on metallic sodium will show that water 
acts as a typical acid. 

2Na + 2H + 2 OH -^ 2Na + 2 OH + //, 
2Na + 2H + 2Cl -* 2Na + 2C1 + H^ 

Strong acid-forming elements, on the other hand, cause water to play 
the part of a base. Fluorin and ehlorin show a much greater tendency 
to assume a negative charge than the hydroxy! radicle does. Wlien these 
gases are pa,s.sed into water, the charge pa.sses from the hydroxyl ion of 
the water to the halogen, which enters the iouic condition. The hydroxyl 
radicles pass from the ionic condition and decompose into water and 
oxygen as the equation shows : 

4f + 4n + 4 OH -* 4H + 4P + 2HjO + 0, 

Although water dissociates to an extremely small degree (only one 
or two parts in a thousand million being ionized), it causes shbstances 
dissolved in it to dis.sociate to a greater degree than any other common 
solvent does (see page I'S). This fact, taken in connection with the 
great solvent power of water, makes aqueous solution a most important 
medium for the investigation of chemical reactions. 

Hydrogen Dioxid, Hydrogen Peroxid, H,0^ 

Hydrogen dioxid is a colorless oily liquid, boiling at 85° under 70 
mm. pressure. When heated under ordinary atmospheric pressure, it 
decomposes with explosive violence into water and oxygen. The liquid 
reacts acid to litmus and is miseible with water in all proportions, a 3 
per cent, solution being the ordinary hydrogen peroxid of commerce. In 
solution it is much more stable than in the pure state. 

Hydrogen dioxid stands in relation to water about as ozone does to 
oxygen. At ordinary temperatures, its solutions decompose slowly into 
water and oxygen and, in the presence of reducing agents, this decompo- 
sition is frequently rapid. Therefore, hydrogen peroxid m a good oxi- 
dizing agent, each molecule of peroxid giving up an atom of oxygen. 

In alkaline solutions, iron, cobalt and manganese are oxidized to the 
trivaleut condition and chromium pa.sses from the trivalent ba.se-formiug 
condition into the hexavafent acid-forming condition. Cobaltic oxid, 
C05O3, and manganese dioxid decomposes hydrogen peroxid ven' rapidly 
and cause an abundant evolution of oxygen. 
13 
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In acid solutions, chromium is oxidized one step higher than in 
alkaline solutions and becomes the blue heptavalent perchromie aeid (see 
page 192). This reaction is frequently used as a test for hydrogen dioxid 
although this reagent is less delicate and less reliable than titanium sul- 
fate for the detection of ll.Oj. In this latter test, the colorleas tetra- 
valont salt of titanium is oxidized to the hexavalent condition, which is 
characterized by a yellow or orange color. ( See page 306. ) 

Although a typical oxidizing agent, hj-drogen dioxid, because of its 
instability, reacts with certain other oxidizing agents in such a way that 
both are reduced and oxygen gas liberated. For this reason, perman- 
ganate is bleached according to the equation: 

5H A- + 2HMnO, + 2H,S0« -* 2MnS0, + 8H,0 + 50, 

Similarly hypochlorou.s acid is reduced to hydrochloric acid and 
perchromic acid is reduced to trivalent chromium by an excess of 
hydrogen peroxid (see page 267), In alkaline solutions, also, copper, 
silver and gold salts are reduced to the metals and oxygen is evolved. 

The salts of hydrogen dioxid are the metallic dioxids or peroxids. 
Only a few are known. Of these, the peroxids of the alkali metals only 
are readily soluble; the peroxids of the alkaline earths are much less 
soluble and others are highly insoluble. 

Sodiitm peroxid, Na^O;, is a heavy straw-eolored powder which unites 
with water to form a hydrate, Na^O^-SHjO, so energetically that much 
heat is liberated. It is hydrolyzed considerably, however, so that its 
solution in water is equivalent to an alkaline solution of HjO^. It is used 
as a very' strong oxidizing agent. 

Barium dioxid, BaOj, treated with acids, is the source of commercial 
hydrogen peroxid. 

BaO, + H,SO, ^ BaSO, -f H,0, 

Manganese dioxid, MnO^. and lead dioxid, PbO^, are typical higher 
oxids. When warmed with hydnx-hloric acid, their equivalent of oxygen 
is used in oxidizing the acid, and chlorin, instead of oxygen, is liberated. 

MnO, + 4HC1 -» MuCl, + 2H,0 + Cl^ 



The baritim ion, Ba, causes no precipitate, for BajOj, although quite 
insoluble, is not formed in the "wet way." 

The silver ion, Ag, causes no precipitate, for AgjO^ is not formed in 
the "wet way." 




SUIiFUR. 

SULPITR. S — 32.1. 

The element sulfur exists in several modifications. The ordinary 
fomi consists of a light yellow, crystalline substance meltinp; at 114.5° 
to an amber fluid, which beaimes darker and more viscous as the tem- 
perature rises to 250°. On higher heating, it becomes mobile a^ain and 
boils at 450°. It is not dissolved appreciably in ordinary solvents, but is 
readily soluble in 2 or 3 parts of carbon disulfid. Another modification 
of different crystal form, also soluble in CSj, is known. It is stable only 
above 95°. At least two amorphous forms are recojrnized, one soluble 
in CS^; the other, "plastic sulfur," is elastic and insoluble in CSj. 
Sulfur precipitated by the decomposition of sulfur-containing com- 
pounds is {renerally soluble in CS,. "Flowers of sulfur" is a finely 
divided form obtained by rapid cooling of the vapor. It is partly soluble 
and partly insoluble in CSj. 

All modifications of snlfnr afford for the most part the same chemical 
reactions. They dissolve in warm solutions of alkaline hydroxids, sulfttls 
and sulfites, entering into chemical reactions in each case, according to 
the equations: 




6KaOH + 4S- 
xNa.S + xS - 



■» 2Na,S -f Na^S^O, + SH^O 
Na,S„ Na,S„ Na,S„ Na,S, 



Na^SOj -f S ^ Na^S^O, 



Sulfur unites directly with most elements, generally rerjuiring tem- 
peratures higher than ordinary for appreciable reaction. 

Sulfur burns with a pale blue flame to sulfur dloxid, SO^, a colorless 
gas (B. P. — 8°) with a very sharp, pungent odor, used as a disinfectant 
and bleaching agent. It is the auhydrid of sulfurous acid. More than 
forty volumes of the gas dissolve in one volume of water, all of which 
may be removed again on boiling the solution. It oxidizes slowly in the 
air at ordinary temixTatures, more rapidly when heated or in the pres- 
ence of oxidizing agents, to SO,. 

Sulfur trioxid exists in two different forms. One modification is a 
liquid, — M. P. l.")° ; B. P. 46°. — which changes, on standing, into a 
white, crystalline solid which sublimes without melting. As produced in 
the laboratory usually, SO, appears as heavy white fumes without par- 
ticular odor which produce violent coughing when inhaled. It is the 
anhydrid of sulfuric aed. 

Free sulfur is usually detected by burning it to SOj, which may be 
recognized readily by its odor, or the oxidation product may be collected 
in water and detected by any of the tests for sulfurous acid. In organic 
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bodies wliic-h do not ionize, sulfur is detected by converting it into com- 
poun(fe which dissociate into some one of the vvell-knowu ions coutaining 
sulfur, (See pages 308 and 309.) 

The simple Bulfur ion, S, may be considered as the anion of the acid, 
HjS. United witli oxygen, sulfur forms several important ions which 
will be considered under their corresponding acids. 

Hydroanlf uric Acid, Hydrogen SuUd, H^S. 

Hydrogen sulfid is a colorless gas with a very characteristic dis- 
agreeable odor like that of decaying eggs. It acts as a poison on the 
human .system, dilute chloriu being the best antidote. It biinis with a 
pale blue flame to water and SO^. At ordiuaiy temperatures, it oxidizes 
readily, either to water and free sulfur, or to H^SO, as the final product. 
Therefore, it is a strong reducing agent, each molecule of HjS alworbing 
either one or four atoms of oxygen. It is fairly soluble in water (2 or 
3 volumes of gas in one of water), its solution being known in the labora- 
tory as "hydrogen sulfid water" and, when occurring in nature, as 
"sulfur water." By toiling the solution, all II^S may be removed. 

Hydrogen sulfid in aqueous solution acta as a very weak acid, dis- 
sociating slightly according to the first equation and to an extremely 
small degree according to the second equation. 




(1) H,S->H + HS 



(2) HS-*H + S 



Consequently there are always more HS than S ions in its so hit ions, but, ' 
since acid salts are much more stihtble than normal salts, the normal 
sulfids are precipitated from solutions. The sulfids of the alkali metals 
are soluble and suffer hydrolysis. The sulfids of the akaline earth metals 
are fairly insoluble, but, in the presence 6f water, are changed by 
h.ydroly8is into acid sulfids which are readily soluble. The sulfids of 
magnesium, aluminum, chromium and ferric iron are sohd)Ie, but, owing 
to the fact that the hydroxids of these metals are insoluble, the sulfids are 
completely hydrolyzed in the presence of water and the hydroxids are 
precipitated. The sulfids of cobalt, nickel.' manganese, zinc and ferrous 
iron, though insoluble in water, are soluble in the stronger acids and 
hence are not precipitated in the presence of HCl. The snlfids of silver. 
mercury, lead, copper, bi.smuth, cathnium, arsenic, antimony, tin, gold 
and platinum are precipitated in the presence of dilute HCl, but of these 
the sulfids of lead, cadmium, antimony and tin are soluble in more con- 
"For the peeuliaf action of CoS and NiS toward HCl see pages 228 and 333, 



HYDROGEN SULFID. 



181 



centrated acid, while tlie others do not dissolve in IICI at all, contrary 
to the general rule that salts or wuaker acids dissolve iu solutious of 
stronger acids {see page 35). The varying action of HjS on salts of the 
various metals is taken advantage of in qualitative analj'sis and is the 
biisis of the separation into groups. (See page 248.) 

The differing action of HCl, or the H ion in general, on these different 
BuJfids depends principally on the relative solubilities of these sidfids in 
water. Those which are highly insoluble in water are not soluble in HCl, 
while tho.se which are most soluble iu water dissolve most readily in HCl. 
To illustrate: When IIjS is passed into a solution of a soluble copper salt 
acidified with HCl, there are present Cn, S and H ions. Two di.stinet 
conditions of equilibrium will e.xist in the solution (see page 2-1), one with 
regard to CuS, another with regard to HjS, In each there will be one 
common term, the § ion. Hydrogen snlfid is quite soluble and the solu- 
tion may be saturated with the gas and a definite equilibrium obtained 
between the dissolved but uudissociated H.jS and the ions U aud 
S. Since HjS is weakly acidic, the concentration of the ions will 
be represented by small factors, while that representing the undis- 
sociated substance will be relatively large. Should the concentration 
of H and S ions become greater than is necessary for the stated con- 
dition of equilibrium, undissociated H^S will be formed, the solution 
will become supersaturated and the gas will bubble out. 

On the other hand, copper sulfid is extremely insoluble in HjO. 
hence only very small concentrations of Cu and S ions can exist in the 
solution together. There is, however, a high concentration of Cu due to 
the original soluble copper salt. When ILS is introduced, the concentra- 
tion of sulfid ions becomes too great for equilibrium. Undis.sociated CuS 
is fonned in such quantities that the solution becomes supersaturated and 
precipitates CuS long before it becomes saturated with H^S. 

Conversely CuS does not diasolve even in concentrated HCl, for the 
concentration of S ions necessary to separate CuS fi-oni solution is less 
than that required to separate H^S. Therefore a saturated solution of 
CuS never contains S ions in sufficient quantity to separate H„S. 

Cadmium sulfid is considerably more soluble than CuS, hence reqnin?s 
a higher concentration of S ions to precipitate it from solution than does 
CuS. With the inerea.sed concentration of S ions, a lower concentration 
of H will be sufficient to cause the separation of 11.8 from .solution. 
Nevertheless the concentration of H ions given by dilute HCl is not suf- 
ficiently great to cause the separation of H^S rather than CdS. There- 
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fore, CdS is precipitated frum solutions of eadmium salts by II^S in the 
presence of not more than 4 per cent, of HCl. If the concentration of 
HCI be greater than this, CdS is not precipitated. On the other hand, 
CdS is dissolved readily by concentrated HCl, for the eoneentration of S 
ians given by a saturated solution of CdS is greater than is necessarj* for 
equilibrium with regard to the n^S. Undissociated HjS is formed, the 
solution becomes supersaturated and the gas bubbles out. By this de- 
crease in the eoneentration of the S ion, the equilibrium with regard to 
CdS is disturbed and more CdS goes into solution to restore the concen- 
tration of S ions. This causes further liberation of H^S which, in turn, 
eaases further solution of CdS. 

Zinc sitlfid is more soluble than CdS, hence requires a higher concen- 
tration of § ions to cause its precipitation from solution. But with the 
increased concentration of S ions, a correspondingly smaller concentra- 
tion of H ions will be sufficient to cause the separation of HjS. The con- 
ditions iiecassary to separate ZuS diiTer but little from those necessary to 
separate HjS. The concentration of H ions given by HCl is sxiflfieiently 
great to exceed the equilibrium conditions for H^S before those for ZnS 
are reached. Hence, ZnS cannot be precipitated in the presence of HCl. 
But, on the contrary, ZnS dissolves readily in dilute HCl; for the concen- 
tration of S ions given by a saturated solution of ZnS is sufficiently great 
to cause the separation of H„S. 

The concentration of H ions given by acetic acid, however, is much 
less than that furnished by HCl. If HjS is passed into_a zinc solution 
slightly acidified with acetic acid, the concentration of S ions necessary 
to precipitate ZnS will be reached before it becomes great enough to 
separate HjS ; i. e., before the solution becomes saturated with HjS. 
Therefore. ZnS is precipitated and, once thrown down, it does not dis- 
solve in acetic acid. 

Ferrous sulfid is still more soluble than ZnS and it cannot be precipi- 
tated in the presence of acetic acid, for a saturated solution of H^S doe.s 
not contain sufficient 8 ions to cause the separation of FeS. The alkaline 
sulfide are much more soluble than H^S, however, and their solutions 
afford S ions in sufficient quantity to cause the separation of FeS. 

Conversely, FcS will dissolve in acids readily, for its saturated solu- 
tion contains sufficient S ions to cause the separation of H;S. In the 
laboratory, H^S is generally prepared by the action of acid on FeS, this 
sulfid being used because of its cheapne.'is. 

Sodium suifid is exeeedinglj' soluble. Its solutions contain very high 
concentrations of S ions, so great, in fact, that the concentration of H 
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ions due to dissociated water is sufflcieutly great to exceed the equilibrium 
for 1I„S and cause swine of the undissociated substance to form, the odor 
of which may be detected in the solution. This constitutes the hydrolysis 
of soluble sulfids. 

These facts may be summarized and tabulated in the following man- 
ner. The condition represented is that equilibrium for HjjS already 
di.scussed, in which any increase in the concentration of 11 or of S ions 
will cause the separation of H,^S from solution. The large letters repre- 
sent high eoncentration.s, small letters correspondingly low concentrations. 
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Sulfids, not soluble in HCI, may be decomposed by heating with con- 
centrated HjSO^. The HjS set free is oxidized by the hot H.SO^, how- 
ever, into water and free sulfur; and SOj, from the reduction of UjSO^, 
is given off instead of IIjS. 



II— H ( 

\ / \ / 

S + S ^ K 

/ \ / \ 

H— II ( 



-I- S + 2H„0 



k 



Sulfur may be detected in sulfids of this character by fusing with 
NaOH, when transposition takes place. Much of the Na„S formed will 
be oxidized dnring the fusion, but sufficient will remain in the aqueous 
extract to give reactions for the sulfid ion. 

On ignition out of contact with the air, most sulfid.s fuse inichanged. 
When heated in the atmosphere, the sulfur frequently burns out, leaving 
an oxid, or the sulfid may be oxidized to a sulfate. 

All sulfids formed by precipitation are transposed by boiling with 
Na.CO,. 

The barium ion, Ba, gives no precipitate with solutions containing 
sulfids under ordinary conditions, for, although BaS is somewhat in- 
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soluble, it hydroiyzes to BaSH, and then to Ba(OII)i aud H,S, all of 
which are soluble. 

The silver ion, Ag, preeipitates black AgjS, insoluble in most of the 
ordinary reagents. Hot HNOj oxidizes it to the soluble A»t„SO, and a 
larc,'e exci'ss of warm KCN \\ill dissoive it. forming KAgC^N, and K,S. 

The lead ion, Pb, precipitates black PbS, soluble in concentrated HCl 
and in dilute HNOg on warming. A filter-paper moistened with lead 
acetate is often used to detect funie.s of ILS, but ssodinra plumbite, 
Na,PbO., is a ]uore delicate reagent for the same purpose. It may be 
prepared by adding NaOH or KOH to a soluble lead salt until the 
Pb(OII)j first precipitated is rediiwolvpfl. 

Sodium nitro-ferricyanid, or nitropmssid, Na^CFe^CsNoNO), pro- 
duces a transient purple color in alkaline solutions of sulfids but not in 
aeid or neutral solutions. 

Metallic silver, also copper and mercurj', are blackened by the action 
of H„S or alkaline sulfids in the presence of water and oxygen (air) 
^according to the equation : 

4Ag + 2Na,S + 0, + 211,0 -^ 2AgS + 4NaOH 

A solution of H;S in water becomes turbid on standing, owing to oxi- 
dation and sei)aratiou of free sulfur, as has been stated previously. Un- 
der .<jimilar conditions, an alkaline sullid dots not become turbid, although 
oxidation takes place in the same way. The sulfur set free by the action 
of oxygen reacts with the alkaline snlfid to form polysulfids, of which 
the following types are known, Na^Sj, Na.^Sa, Na^S;,, Xa.^Sj. The acids 
corresponding to these salts are very unstable and, on acidifying a solu- 
tion of a polysulfid, H./S is liberated aud free sulfur precipitated for the 
Tuast part. Under appropriate conditions, however, a yellow oil may be 
obtained which consists of hydrogen and sulfur in the proportions corre- 
•j^ITOuding to a mixture of the hydrogen polysulfids. It soon decomposes 
into 11, S and sulfur. The alkaline polysulfids are important in analysis. 
See pages 252 and 253. 



SnlfurouB Acid, H,SO,. 
When sulfur dioxid is p«s.sed into water, the gas is absorbed and the 
solution becomes acid, owing to an interaction between the gas and the 
water to fonn a compound known as sulfurous acid. Only a small por- 
tion of the gas is actually united chemically with the water and in any 
solution the condition of equilibrium is one in which a large proportion 
of the SOj is simply dissolved in the solvent. This is indicated by the 
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fact that, on boiling or evaporating^ the solution spontaneously, jiLst in 
proportion as the gas is reniovecl, the sulfurous acid Ls decomposed into 
its anhydrid, SOj, and these reactions continue simultaneously until 
finally nothing but water remains. Inasmuch as sulfurous acid cannot 
be isolated, its fonnula is not known with certainty but it probably is 
HjjSOj, It acts as a weak dibasic acid, forming salts which ar* fairly 
stable. On the addition of an acid to a sulfite, however, sulfur dioxid is 
liberated for the reasons already set forth. 



Na— 



Na— 



\ 



H— 



S = + 2HC1 ^ 2NaCl + 



\ 



H— 



/ 



S-^0 



All sulfites are strong reducing agents, absorbing one atom of oxygen 
for each molecule of sulfite, forming sulfates. lodin, broniin and per- 
manganate are bleached at once and other oxidizing agents quickly re- 
duced. Mercurous salts are unaffected in the cold but, on boiling, are 
reduced by sulfurous acid exactly as with stannous chlorid. At ordinary 
temperatures atmospheric oxygen caus^ a slow oxidation, especially in 
solutions, hence ail sulfites contain some sulfate. 

Strong reducing agents, on the other hand, cause sulfurous acid to 
act aa an oxidizing agent. Under the influence of nascent hydrogen it 
is reduced, first to hyposulfuroiis acid, HjSjO,, a weak acid with strong 
reducing properties. The final product of the reduction is H^S. Hydro- 
gen sulfid reduces sulfurous acid and its anhydrid according to the 
equation : 

H H 

\ / \ 

2 S + S ->■ 2 + 3S 

/ \ / 

H O H 

Sulfites and other oxidized compounds of sulfur are reduced to Bulfids 
by hcatinLT with charcoal. 

Heated out of contact with the air, sulfites generally decompose into 
SOj and metallic oxids. Alkaline sulfites, under the same circumstances, 
decompose according to the equation : 

Na— Na— Na 

\ \/ \ 

4 S = 0-*3 s + a 

/ / \ / 

Na— Na^O Na 
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Heated in tin air, however, sulfates are generally formed. 

All normal sulfites are insoluble or soluble with difficulty in water, 
with the exception of the salts of the alkali metals. All acid sulfites are 
soluble. In the stronger acids, all sulfites dissolve with readiness. 

AH sulfite.s are transposed by boiling with NajCOa. 

The barium ion, Ba, precipitates white granular BaSOj from neutral 
or alkaline solutions containing the SO^ ion. It is readily soluble in 
dilute HCl and will not precipitate in the presence of acetic acid (dis- 
tinction from RaSOJ. 

The silver ion, Ag, precipitates white granular AgjSOs, which, ou 
boiling, precipitates dark gray metallic silver according to the equation : 

2Ag,S0, -* Ag,SO, + SO, + 2Agr 

Silver sulfite is soluble in dilute IINOj, like all sulfites, and in 
NHjOH, like most silver salts. It dissolves in solutions of alkaline sul- 
fites, forming the soluble salt, AgNaSO,. 



Sulfuric Acid, H,SO.. 

Pure sulfuric acid is a colorless, oily liquid at ordinajy tenpcratures 
hut. on cooling, solidifies to a white erj'stalline body, melting at 10.5". 
Wlien heated, it decomposes somewhat into its anhydrid, SOj and water, 
and it boils at 338". The distillate is not pure HjSO,, however, for it 
contains about 1.5 per cent, of water formed during the heating, for the 
anhydrid and the water do not unite completely again ou ctwling. The 
product obtained by distillation has a specific gravity of 1.84 and eon- 
tains about 98.5 per cent. H.jSO,. Commercial acid, which is not dis- 
tilled but is obtained from a dilute acid by heating to drive off as much 
of the water as po«,sible. contains only 93-96 per cent. ILSO^. The prod- 
uct obtained by either process is known as concentrated sulfuric acid. 

Fuming sulfuric acid consists of concentrated sulfuric acid in which 
the anhydrid, SO,,, has been dissolved. Fmm it. at low temperatures, 
pyro-sulfuric acid, H^SjO,, can be crystallized hut this decomposes into 
HjSO^ and SOj on warming. 



H— II— ()— R 

/ \ \ 

H— O O O H— O— S 



=0 
=0 



=0 
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Fuming sulfuric acid has a greater decomposinfr action than concen- 
trated sulfuric acid because of the aiihydrid it contains. 

"When concentrated sulfuric acid is mixed with water, a decided rise 
in temperature is noted due to the formation of two hydrates, HjSOfHjO 
and HjS04.2IIjO. These hydrates probably are the normal hexahy- 
droxid of sulfur and its first dehydration product, as the equations show: 
(See page 174.) 

H— 0/ 



H-0/O\0 



H— 0\ 
H— 0/ 



H— 0\ 
H— 0\ 
H— 0\Ci 

H— 0/ 
H— 0/ 



Because of this reaction, concentrated sulfuric acid absorbs water vapor 
verj' readily and holds it firmly, hence it is ranch used as a drying agent. 
Sulftiric acid is the strongest of the common dibasic acids, dissociat- 
ing in steps according to the rule for polybaaic acitls : 



(1) HjSO.^II + HSO^ 



(2) HSO,-»H + SO, 



In a solution of ordinary dilution, the second step of the reaction takes 
place to about the same extent as the first step, so that the prevalent ion 
is SO4 and not IISOv 

In dilute solution IIjSOj acts simply as an acid but hot concentrated 
stilfuric acid is an oxidizing agent, being readily reduced to sulfurous 
acid which decomposes with the liberation of SO^ and water. "When 
heated with Na^COa on charcoal, sulfates, and other oxidized compounds 
containing sidfur, are reduced to sulfids. A similar reduction of sul- 
fates to sulfid.s takes place in natural waters under the influence of or- 
ganic matter and certain bacteria and is one of the sources of "sulfur 
water," (H„S). 

On ignition, sulfates of the alkali metals fuse unchanged, other sul- 
fates are more or less decomposed into the anhydrid and metallic oxids 
while the salts of barium, strontium, calcium and lead are practically un- 
changed. Acid sulfates break down readily, first into pyro-sulfates and, 
finally, into normal sulfates with the liberation of the anhydrid in the 
nascent condition. 
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■2HNaS0, -^ HjO + Na,S,0, -^ Na,SO, + SO^ 

Nascent sulfur trioxid formed in this way is particularly effective in 
deeomposin^ silicates and oxidsj insoluble in acids. Fusion irith acid 
potassium sulfate is often a satisfactory means of obtaining a refraetorj* 
substiiiU'e in soluble form, (See page 242.) 

Sulfates are generally soluble in water, the exceptions being BaSO,, 
SrSOj, CaSOj and PbSO^. These compounds, being salts of a strong 
acid, do not dissolve to any great extent in solutions of the stronger aeida, 
HCI or HNO3. 

Several soluble sulfates separate from aqueous solution in the same 
crystal form, each taking up seven molecules of water of crj'stallization. 
These compounds are known as "\itriols, " a term derived from the older 
name of sulfuric acid, "oil of vitriol." The sulfates of ferrous iron, zinc, 
magnesium, cadmium, cobalt, nickel, manganese and copper are the best 
known of the ' ' vitriols. ' ' 

All sulfates are transposed by boiling with Na.jCO.,, with the excep- 
tion of HaSO,, which requires fusion with the same reagent (see page 99). 

The barium ion, Ba, added to solutions containing the SO^ ion, precipi- 
tates white crystalline BaSO^, practically insoluble in all solvents. 

The flilver ion, Ag, gives no precipitate, except in verj' concentrated 
solutions when white Agi,SO< falls. 

ThioBnlfuric Acid. H,S,0,. 
Jast as II^SO, is oxidised by oxygen to II^SO,, so II,SO, maj^ be oxi- 
dized by sulfur to ll^SaO^, thiosulfuric acid. 

H— O H— O 

\ \ // 

/ / \ 

H— o n— 

H— O H— O 

\ \/ 

/ /\ 

II— O H— S 



Although thiosiUfuric acid corresponds in its degree of oxidation to sul- 
furic acid, the i>rc.scnce of the second sidfur atom in the molecule makes it 
resemble sulfurons acid far more than sulfuric acid. While a whole 
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series of salts are well kuowii, the acid itself is entirely unknown, for it 
is quite as unstable as sulfurous acid and, when set free from one of its 
salts, it deeomposes into SOj, water and free sulfur, the precipitation of 
the latter element sennng to distinguish thiosulfates from suifites. The 
similarity of decomposition products would naturally suggest a similarity 
in chemical properties and thiosulfurie acid proves to be a vigorous 
reducing agent. Strong oxidizing agents, such as chlorin and bromin, 
change it immediately into sulfuric acid with or without a partial libera- 
tion of sulfur. Hence the amount of oxygen taken up by the thiosulfate 
will vary under different conditions. The milder oxidizing agents, such 
as iodin, do not carr\' the oxidation as far as II2S0^, as the equation 
shows : 

2H,S,03 + 21 ^ n,S,0„ + 2111 

Tetrathionie acid, II^S^Oo, is one of a series of polythionic acids of 
which the following members are known: HjS,0„, IL.SjOo, H^.S^Ob, 
HjS^O,. They are alt strong but quite unstable acitls, readily oxidizing 
to sulfuric acid. Tetrathionie acid is oxidized by bromin or other strong 
oxidizing agent to HjSO, according to the equation : 

HjS,0„ + 14Br -f 10H,O -» 4II.,S0, + 14HBr 

The barium salt of tetrathionie acid is soluble, hence this acid may 
be differentiated from sulfuric acid. 

Thiosulfurie acid reduces ferric salts to the ferrous condition and 
cupric salts to the cuprous condition. Cuprous salts are generally in- 
soluble, but a soluble comple.\ sodium-cupmus thiosulfate is formed in 
this case by an excess of an alkaline thiosulfate. 

Salts of thiosulfurie acid are much more stable than the free acid, 
but, on beating, they break down analogously to sulfites, the excess of 
sulfur appearing as a sublimate in elo.sed-tube reactions: 



4Na,S,0, -^ 3Na,S0, + Na,S + 4S 

Heated with Na^COj on charcoal, thiosulfates are reduced to auifids, 
like other oxidized sulfur compounds. 

All thiosulfates dissolve in water, only the barium, lead and silver 
salts being soluble with difticiilty. 

All thiosulfates are transposed by boiling with NajCOj. 

Thiosulfurie acid appears to be a much stronger acid than sulfurous 
acid. Its salts, of which the most important is the "hypo" of pho- 
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tographers, NajSnOj.SHjO, separate the ion, SjO^, with readiness, but, in 
the presence of H ions, it is unstable and decomposes into the ion SO, 
and free sulfur. Thiosulfates show a strong tendency toward the for- 
mation nf complex ions with several metals, as is shown by the for- 
mation of soluble complex salts, which do not give reactions for the 
heavy metal present. Of these, the complex sodium-silver thiosulfate 
is most important beeause of its application in photography. See later. 

The barium ion, B&, precipitates white BaS;,0., from concentrated 
solutions only, since it is soluble in 480 parts of water. 

The silver ion, Ag, if present in the correct proportion, will precipi- 
tate white AgjSjO,. This dissolves in an exces-s of an alkaline thitwulfate, 
forming NaAgSjOj, which is quite soluble. The latter salt unites with 
more alkaline thiosulfate to form the salt NajAgj(Ss,0j3, which is ex- 
ceedingly soluble, and in solution gives practically no Ag ions. In acid 
solution, on boilinsr, this complex salt decomposes and silver sulfid is 
precipitated. 

Persulfuric acid, H^.S..O,, is an unstable compound containing hepta- 
valent sulfur. Its salts are much better known than the acid. They 
act as strong oxidizing agents, taking up water and decomposing readily 
into lIjSO^ and nascent oxygen. 

Group 6, Second Type, 
Chromium 52.1 ; Molybdenum 96 ; Tungsten 184; Uranium 238.5. 

The comjiounds formed by the elements belonging to this second type 
resemble closely those of the preceding type, but these free elements are 
decidedly more metallic than the former, being characterized by brilliant 
lustre, high specific gravity and good conductivity of heat and electricity. 
Hydrids are unknown or unimportant. Each element forms several 
oxids and hydroxids. Of the latter, those in which the valence of the 
element is low (two or three), possess weakly basic properties, while those 
in which the characteristic valence of six, or a higher valence, is shown, 
are acids of considerable strength. 

Chromium is the most coinmonly-oceurring and, as a type of the 
other members of the group, will be considered in detail. 

CHEOMIUM. Cr — 52.1. 

Chromium is a difficultly fusible, gray-white. cr>'stalline metal. It is 

not changed by air or water at ordinary temperatures but, when heated 

bums to the green oxid, Cr^O,. The metal is veiy infrequently met with. 

since it is only with difficulty reduced from its compounds. 






Chromium dissolves fairly well in dilute IICI and H,SO<. Concen- 
trated acids in general, and HNO, even when dilute have but little 
effect; for the metal enters the "passive" condition in which it is not dis- 
solved by these reagents. Mueh energy is liberated when the element 
passes into the ionic condition, hence no other metal will precipitate 
chromium from solutions of it-s salts and it is only at very high tempera- 
tures that it can be reduced in the "dry way." 

Cliromium forms two well-known series of compounds, the trivalent 
and the hexavalent, and also two other series which are less familiar, the 
divalent and the heptavalent. These compounds may be considered as 
derived from four oxids of which the first and fourth are not known with 

certainty. 
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Divalent chromitim acts as a fairly strong base-forming element. 
Bodies of this nature may be formed by the action of the strongest re- 
ducing agent, i. r., nascent hydrogen, on compounds in which the element 
shows a higher valence. Precautions must be taken to exclude the 
atmosphere entirely, for on exposure to the air, they oxidize almost in- 
stantly to the trivalent condition. Hence they are vei^' seldom eneoim- 
tered and will not be further considered. 

Trivalent chromium acts as a weak base-forming elenieut. Its com- 
pounds are all of a green or violet color. AH of the salts hydrolyze de- 
cidedly, several of the common ones being soluble. In neutral or acid 
solutions they are stable, but, in alkaline solution, they slowly take up 
oxygen and pass into the hexavalent conditions, the tranjsition being indi- 
cated by a change in color from green to yellow or orange. Under the 
influence of oxidizing agents, this change is accomplished very readily, 
taking place more rapidly in alkaline than in acid solutions. Sodium 
peroxid, Na^O,, is an especially satisfactory oxidizing agent in the "wet 
way," and KNO, in the "dry way." A typical equation might be 
written r 
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0— H Na— O 

/ \ / 

2 Cfr— 0— H + 30 + 4NaOH ^2 Cr + 5H,0 

\ / \ ' 

0— H Na— 

Hexavalent chromium forms compounds of the type K^CrOj in 
which chTOmiura plays the part of an aeid-forming element. Comixmnds 
of this (.'lass are highly colored, either yellow or reddish. They are 
generally very stable, but in acid soJutions and in the presence of reduc- 
ing agents (alcohol is especially satisfactory), they act as strong oxidizing 
agents (see page 43), parting with their oxygen and breaking down 
into the trivalent base- forming condition. Strong ignition is alone suffi- 
cient to decompose many compounds of acidic chi-omiura into basic com- 
pound.'j with the liberation of oxygen. This transition is marked by a 
change in color from yellow or red to green. 

Heptavalent chromium acts as a strong aeid-forming element. Hy- 
drogen peroxid, acting on acid solutions of hexavalent chromium, gives 
rise to a deep blue color which is thought to be due to a heptavalent 
chromium comiwund of the type, HCrO^, known as perchromic acid. 
Chromium compounds, in which the element shows a valence of seven, 
are exceedingly unstable and but little is known definitely in regard to 
them. 

Heated with Na.CO;, and KNO,, all chromium compounds are oxi- 
dized to Na^CrOj, forming a yellow melt, reajiily soluble in water. After 
acidifying slightly with H(C2H302), a drop of AgNO, produces a red 
precipitate. This affortls a ver>' delicate test for chromium. 

Heated before the blowpipe with NajCO, on charcoal, all chromium 
compounds are brought into the trivalent condition and leave a greenish 
TPesidue, Cr^O;,. 

Heated in a borax bead, or sodium meta-phosphate bead, all chro- 
mium compounds produce a green color. 

The important iona of chromium are the kathion, Or, and the anions 
CrO, and CFjO,. 

The Chromic Kathion, Cr- 

For the reactions of the chromium ion, Cr, solutions of the nitrate 
Cr(NO,,)3,9IIjO serve best. It is a verj' soluble salt and will melt in it's 
own water of crj-stallization at temperatures but little above the ordinarj'. 

The hydroxyl ion, OH, precipitates gelatinous, gray-green CrOjH,, 
a substance somewhat inclined to form pseudo-solutions. On standing, 
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more readily on heating, it loses water, forming, finally, green C'FjO,, 

This substance, when heated, Incomes very resistant to acids and requires 

fusion with aeid sulfates or with NajCOj and KNO, to get it into soluble 
form. 

Chromium hydroxid acts as a weak base, dissolving in aeids to form 
solotions containing the ion, Cr, or it may act as a weak acid and dissolve 
in strong alkalies to form solutions containing the chroniite ion, CrO,. 
In NaOII or KOH, such action takes place. Salts of the ortho type, 
NBjCrOj, and of the meta type, NaCrOj, are recognized. On boiling a 
solution of an alkaline ehromite, hydrolysis and partial dehydration of 
the chrumous aeid, i. c., the chromium hydroxid, takes place, resulting in 
the precipitation of this compound. In this respect, chromium differs 
from aluminum: for aluminum hydmxid is not precipitated on boiling 
a solution of alkaline aluminates (except ammonium aluminate). Fer- 
roiis meta-chromite, Fe(C'rO»),, is the ordinary "chrome iron ore," from 
the fusion of which with Na^COj and KNO^, all salts of ehrorainm are 
derived. 

Chromium hydroxid is appreciably soluble in NH^OH, forming, not 
ammonium ehromite, but a complex ion, Cr.(NHg)4. 

Like aluminum and ferric hydroxids, in the presence of organic mat» 
ter chromium hydroxid is partially held up and prevented from pre- 
cipitating. 

I'he carbonate ioD, CO,, from solutions of alkaline carbonate, pre- 
cipitates Cr(OIIi.,. 

The sulfid ion, §, in acid solutions does not cause a precipitate, fo^ 
Cr.Sa, fomied only in the "dry way," is soluble in aciils and is hydrolyzed 
completely by water. By solutions of alkaline sulfids, Cr(Ori)j is 
precipitated. 

The sulfate ion, SO,, causes no precipitate, for Cr3(SO«)3.15niO is 
very soluble. Like aluminum, it forms double salts, known as "chrome 
alums," with the sulfates of univalent metals, Pota.ssium chrome ahmi, 
Cr3(SOJ,,K,SO,.24ILO, or better KCr(SOJj.l2HjO, is a stable violet- 
colored salt, soluble in 6 or 7 parts of water. Any complex ions which 
may exist in highly concentrated solution.s are verj' unstable and, in dilute 
Bolution.s, only the Cr and other simple K and SO, ions are present. 

Two modifications of many soluble chramium salts are recognized. A 
series of violet-colored salts exist, from the solutions of which all the 
metal and all the acid can be precipitated by the ordinary reagents, thus 
showing that the regular ions are present. By heating the violet salt, a 
reen modification is formed, from solutions of which only a fraction of 

14 
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the metal and acid can be precipitated by the ordinary reagents. This 
indicates the formation of complex ions from the simple ions, apparently 
by some sort, of "doubling up" process. 

The chlorid ion, CI, produces no precipitate, for green CrClj.GHjO is 
very soluble, as are all the other halids of chromium. It is an interest- 
ing fact that on driving off the water of crystallization from this green 
salt, it turns violet as it dehydrates and becomes almost absolutely insolu- 
ble in water. 

The cyanid ion, CN, precipitates Cr(OH)s. 

The phosphate ion, PO,, precipitates gray-green CrPO,, soluble in 
dilute mineral acids but not in acetic acid. In this respect, it resembles 
aluminum and ferric phosphates. 

The acetate ion, (CM^O^), produces no precipitate, as CrCCaHjCj), 
is soluble. Whether or uot chromium forms a basic acetate, like alu- 
minum and ferric iron, is undecided. If a solution of chromium acetate 
is boiled by itself, no precipitate forms. If considerable ferric acetate 
be present, the chromium is found practically completely precipitated in 
some form along with the basic ferric acetate. It is necessary, therefore, 
to insure the presence of ferric salts before attempting to precipitate 
chromium in this way. (See page 264.) 

The Chromate Ion, CrO,, smd the Dichiomate Ion, Cr,0,. 

Chromium trioxid, CrO^, is a red crystalline substance, readily solu- 
ble in water, forniiag orange-red solutions which have a decidedly acid 
reaction. On making neutral or alkaline, the color changes to yellow and 
.there crj'stallizes out yellow salts of the type, KjCrO^, which are known 
.-as chromates. Such yellow solutions contain the chromate ion, CrO,, 
-which is similar to the sulfate ion, SO^. On acidifying a solution of a 
►chromate^ the color becom(« orange-red and a red dichromate crystallizes, 
tol which the potassium salt, KjCrjO,, may be taken as typical. The 
tjrange-red solutions coutaiu the dichromate ion, Cr„0-. 

The chromate ion, CrO,, is unstable in the presence of H ions while 
the Cr^O- ion is unstable in the presence of OH ions. The change from 
the one into the other is expressed by the equations : 



2CrO, + 2H -* Cr,0, + H,0 
Cr,0, + 2 OH -^ 2CrO, + H^O 

For this reason, any attempt to obtain chromic acid, HjCrO,, is 
unavailing and results only in dichromic acid, IljCrjO-. Even this acid 




■ IS known only in solution and everj- attempt to isolate it results in the 

I anliydrid, CrOj, according to the equation : 

^^ cul 



Dichromic acid may be derived theoretically by separating one mole- 
cule of HsO from two molecules of HjCrO^ : 



// 
H— O H— O— Cr=0 

\ / \ 

Cr 

/ \ 
H— O 



+ H„0 

/ 
H— 0— Cr=0 



Dichromic acid is, therefore, entirely analogous to other acids of the 
pyro- type autl is to be considered as pyro-ehroraic acid. Since the dif- 
ference between the acids is merely a question of dehydration, it would 
seem as though dichromic acid in dilute solution might become hydrated 
and changed into chromic acid, in a measure at least, by the mass action 
of the water. The same considerations would seem to indicate that a 
dichromate in dilute solutions might be changed into a chromate, partially 
at least. As a matter of fact this is so ; for, if into solutions containing 
dichromate ion.s various kathions be introduced, metallic dichromates 
are seldom formed. In all dilute solutions chromates alone are formed, 
whether the original solution contained Cr^Oj or CrO, ions. This phe- 
nomenon is largely explained by the faet that few diehromates are known 
except .salts of the alkali and alkaline earth metals. Where both types are 
formed ehromates are much less soluble, as a rule, than the corresponding 
diehromates and, therefore, are precipitated. The following equations 
illustrate this reaction : 



2PbCC»H,0,}j + K^Cr^Oj + H,0 



or writing an ionic equation : 



2PbCrO, + 2K(C,HA) + 2H{C,HA) 



2Pb + CrA + ILO ^ 2PbCrO, -f 211 
Chromates show a close similarity to sulfates in many of their proper- 
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ties, aad a comparison would seera to indicate that the hypothetical j 
chromic acid is somewhat weaker than sulfuric acid. Chromates arei 
readily soluble in the stronger acids, therefore, but do not dissolve in 
acetic acid. In hif;:h concentration, however, this last reagent is able 
to prevent the formation of a precipitate, although it is usually not 
strong enough to dissolve the salt when once brought down. 

The alkali chromates are all verj' soluble, KjCrO^ being the most com- 
mon salt. It dissolves in les.'i than 2 parts of II^O at ordinarj' tempera- 
tures and separates from solution without water of ctyatallizatiou. The 
ammonium salt is similar to the potassiiun salt. The sodium salt, 
Na^CrO^.lOHjO, is verj' hydroscopic and melts in its own water of crys- 
tallization -at temperatures but little above the ordinary. Because of the 
great solubility of these salts, they are ordinarily used as the reagents for 
introducing CrO^ ions into solutions of other salts. 

Most chromates are soluble in water, the exceptions being the salts 
of silver, mercury in the lower condition, lead, copper, bismuth, tin and 
antimony in the lower condition, cobalt, nickel and bpriiun. 

All chromates are transposed by boiling with NajCOj. 

Of the dichromates, salts of the alkalies and alkaline earths, together 
with silver, mercury, lead and copper only, are well known. These are 
soluble or are decomposed by water. 

Heated with concentrated H^SO^, chromates or dichromates, mixe 
witli chlorids, give rise to a dark, reddish liquid, boiling at 117' 
and known as ehloro-chromic anhydrid. Since the corresponding bromin 
and iodin compounds are not formed under the same conditions, this 
offers a means of differentiating between salts of the halogen elements 
(see page 299). The reaction by which ehloro-chromic anhydrid is 
formed may be represented by the equation : 



K.CrO, + 2KC1 + 2H,S0, 




//CI 
Cr< + '2K.S0, + 2H,0 
\f.7 





This equation represents, however, only the initial and final stages in' 
the reaction and the true function of the concentrated II^SO, is lost 
sight of. A better idea of the process may be obtained by a consideration 
of the following equations, which indicate the steps in the reaction : 
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K,CrO, + n,SO. -». K,SO^ + IljCrO^ 2K01 + H^SO, -^ K,SO. + 2HC1 

HjCrO, ->- H„0 + CrO, 


// net //a 

Cr^O+ -♦ Cr< +ILO 

• \ HCl \Cl 



As will be noted, water is liberated during the process of formation 
of. CrOjClj, but is prevented from decomposing the latter by the large 
excess of KaSO, which is present. If, however,' water is present in excess, 
it reacts with the chloro-chromie anhydrid exactly as it does with halogen 
compounds of non-metallic, i. c, acid- forming elements generally. It is 
hj^lrolyzed with the formation of two acids, for kezavalent chromium 
is an acid-fomiiug elemenl 









/Ci HOH 


/OH 


Cr< + -^ 


Cr< 4r-SgPJ 


\Ci IIOII 


■\OIl'*'^ 









The barium ion, Ba, added to dilute solutions containing chroraates or 
dichromates, precipitates canary-colored barium ehromate, BaCrO,. in- 
soluble in all alkalies. It is soluble in about 250,000 parts of water. 

The silver ion, Ag, precipitates red silver ehromate, Ag^CrO,, readily 
soluble in NII,OH (see page 86). It dissolves in about 40,000 parts of 
HjO. >. 

The lead ion, Pb, precipitates deep yellow lsj»if"chromate, PbCrO,, 
soluble in the strong alkalies (see page 145). tils very highly insoluhle 
in pure water, requiring several hundred thousand parts of water for its 
solution. It is, however, much more soluble in traces of acids, bases and 
other salts. 

The mercuroufl ion, (Hg)j, preeipitates a brown basic ehromate which, 
on boiling, changes to the fiery-red normal ehromate, Hg,CrO„ insoluble 
in alkalie.'!. 

Group 7, First Type. 

Fluorin 19; Chlorin 35.5; Bromin 80; lodin 127. 

The members of this most non-metallic and chemically-active group 
are known as halogens or "salt formers," sea-salt, NaCl, being a very 
common substance derived from one of the members of this group. The 
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most characteristic valence is one ; with the exception of fluorin. -valences' 
of five or seveu, sometimes three, are shown by these elements in well- 
known compounds, however. The hydrids, of the type HCl, possess acid 
properties in a marked degree, hydrofluoric acid being considerably- 
weaker than the others. The oxids of these elements are acid anhydrids 
but, with the exception of the iodin oxids, they generally passe-ss little 
stability, being often explosive or entirely unknown. The acids formed 
by the union of these anhydrids with water are generaUy inclined to 
ready decomposition also. The stability as well as the strength of the 
acid increases as the valence of the halogen rises, however, and hepta- 
valent compounds of the perchloric acid type, HCIO^, ar« very strong as 
well as very stable. 

FLUORIN. F — 19. 

Fluorin is a pale yellowish-green gas with a very pungent odor 
and toxic properties. It is the most reactive of all known substances. 
With the exception of oxygen and the inert argon group, it forms 
compounds with all the elements, many of which take fire spon- 
taneously in it. Even at ordinary temperatures, in the presence of mois- 
ture, it iinites with practically eveiy substance, hence it do^ not exist 
free in nature, nor can it be preserved for a long time. For this reason, 
also, its isolation from its compounds was delayed for a long time.' 
Water is decomposed with explosive violence even in the dark, hydrogen 
fluorid being formed, and oxygen, which is vei^' rich in ozone, being set 
free. Chlorids, bromids and iodids are decomposed with the production 
of fiiiorids and the liberation of the halogen. (See similar action of 
ehloriu, page 200.) Gold and platinum are not attacked by piire dry 
fluorin. 

Fluorida may be considered as derived from hydrofluoric acid and 

their properties, as well as the reactions of the fluorid ion, F, ivill be 

treated under this head. 

Hydrofluoric Acid, HF. 

Hydrogen fluorid is a colorless liquid (M. P. — 92, B. P. 19.5°) with 
a strong pungent odor and verj' poisonous properties. It is very soluble 
in water, more than four hundred volumes of gas dissolving in one vol- 
ume of water. A solution containing 35.5 per cent, of HF boils at 120* j 
and is known as "concentrated hydrofluoric acid." 

Hydrofluoric acid is a verj' corrosive liquid. It attacks all metals," 
except gold and platinum (lead only slightly) ; all oxida ; many salts, and 
other substances of a different nature. Since glass is readily dissolved 
by hydrofluoric acid, the latter must be preserved in containers made of 
paraffine, rubber, or a few other materials which are not attacked by it. 
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It caus^ very painful, poisonous, slow-healiug burns when in contact 
with the flesh. 

The etching of glass is one of the most important reactions of hydro- 
fluoric acid. Gla«s is essentially a mixture of several salts of the various 
polysilicic acids. The composition of soda glass may he represented hy 
the formula, NajSiaOj.CaSiaO., and the action of hydrofluoric acid by the 
equation : 

Na,Si,0,.CaSi,Oj + 28HF -* 2NaF + CaF, + 68iFt + 14H,0 

A very delicate test for hydrofluoric acid depends upon this reaction, 
(Seepage 278.) 

Hydrofluoric acid is \isually con^^idered ns a monobasic acid and, as 
such, ought not to form true acid salts (see page 21), Salts of this 
character are weli-knowu, however. An investigation of the molecular 
weight of hydrogen Huorid indicates that, at 100° and above, the molecule 
is HP but that, at ordinary temperatures, it doubles up and has the for- 
mula (HF)j. Acid salts such as HNaFj, and HKFj are readily ex- 
plained by some such formulae as the following ; 



II— F 

I 
Na— F 



or 



Hydrogen fluorid acts as a comparatively weak acid, dissociating to 
an extent much less than the corresponding acids formed by the other 
halogen elements. In solution, fluorids are hydrolyzed to some extent 
and glass containers are etched by the liberated hydrofluoric acid on long 
standing. 

On ignition, fluorids fuse unchanged, some of them being volatile at 
temperatures easily attainable. 

Heated with concentrated H,,SO^, all fluorids are changed to stilfatesj 
and hydrofluoric acid volatiHzed. 

Salts of hydrofluoric acid differ in their solubility reactions very 
much from the corresponding chlorids, bromids and iodids. Most fluor- 
ids are soluble ; the copper, lead, zinc and ferric salts dissolve sparingly 
and the salts of the alkaline earths are quite insoluble. 

All fluorids formed by precipitation are readily transposed by boiling 
with Na;CO,, 

The shnple fluorid ion is F. Several complex ions containing fluorin 
are recognized. Of these the silicofluorid ion, SiFo, is the best known. _ 
ee page 136.) 
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The barium ion, Ba, added to a solution containing the Huorid ion, 
causes a vohiniinons white precipitate, BaPj,, soluble in large amounts 
of the stronger acids and in ammonium chlorid. 

The calcium ion, Ca, precipitates white CaP^, which is somewhat less 
sohible than the corresponding barium salt. The naturnlly-oecurriiig 
compound, fluorspar, is however, one of the most insoluble substanees 
known. In order to get it completely into solution, it is usually neces- 
sary to fuse it with Na„COj, to whieh some silica or a silicate has been 
added. Silica aids in the decompo-sition of the calcium fluorid by the 
formation of calcium silieofluorid as an intermediate product which is 
later decomposed by the carbonate. 

The silver ion, Ag, caiLses no precipitation, for silver fluorid is readily 
soluble. 

CHLOEIN. CI — 35.5. 

Chlorin is a yellowish-green gas with a suffocating and nauseous odor. 
It is somewhat soluble in water, two volumes of gas forming a solution 
which is known as "chlorin water," from which all chlorin may be re- 
moved by boiling. At zero, chlorin unites with water to form a crystal- 
line hydrate of the composition Cla-SHjO, which at higher temperatures 
breaks down again into it.H components. The element is also soluble in 
carbon disulfid, chloroform and ether, giving colorless solutions. 

Chlorin is a typical non-metallic element and is surpa.ssed in chemical 
activity by fluorin only. It combines readily with all metals and wit 
many of the non-metallic elements, often causing them to burst into spon- ' 
taneous combustion. It unites %vith hydrogen, to form hydrogen chlorid, 
so vigorously that it will abstract this element from many of its com- 
pounils. Even the verj^ stable body, water, is slowly decomixised with 
the liberation of oxygen. Bromids and iodids in solution are changed to 
chlorids and the halogen is set free. 

Chlorin passes with the greatest readiness into the ionic condition, 
forming the simple ion, CI. On the basis of this property, the decompo-j 
sition of water and of broniids and iodids in solution is to be explained 
for chlorin shows a greater tendency to assume the electric charge thai 
oxygen, bromin or iodin do to hold it (see page 327). Hence, the charge^ 
passes from these elements, which arc thus set free, and \s taken up by 
the chlorin, which becomes the chlorin ion, as the equations show; 




+ 201 ^ 2C1 + or 

Br + CI ^ CI + Br 



2 on + 2C1 -^ 2CI + H,0 + 
I + C1-»C1 + I 
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Chlorin is one of the strongest oxidizing agents, carrying substances 
generally to the highest degree of oxidation capable under the conditions 
of the experiment. Its action on water establishes its oxygen equivalent, 
two atoms of chlorin being equivalent to one atom of oxygen, as the equa- 
tion shows : 

2Cl + Hj,0^2HCl + 

Chlorin possessra very strong bleaching propertips, litmus, turmeric, 
indigo and other organic dye-stiiffs being immediately destroyed by the 
moist gas or its solution in water. The dry gas is without appreciable 
effect, however, and the bleaching action of raoi.st chlorin is apparently 
to be attribiited to nascent oxygen set free by the decomposition of the 
water present, 

Chlorin acts on cold dilute solutions of the strong bases to form 
chlorids and hypochlorites in equal proportions, as the equation ifidi- 
cates: 

2C1 + 2K0H -♦ KCi + KOCl + H,0 

If the solution be heated or is concentrated, clilorates (along with 
chlorids) are formed instead of hypochlorites, owing to the decomposi- 
tion of the latter (see page 204). If alkaline carbonates are substituted 
for the hydroxids in the above reactions, the same products are formed 
and carbon dioxid is driven out. 

With oxygen, chlorin does not unite directly but, by the decomposi- 
tion of certain oxygen acids of chlorin, three oxids ean be obtained hav- 
ing the compasition indicated by the formulae — Cl„0, CIO. and CljO^. 
These bodies will be considered under the respective acids from which 
they are derived. 

United with oxygen, chlorin foram several anions, of which the most 
important, the hypochlorite ion, OCl, the chlorate ion, ClOj, and the 
perehlorate ion, ClOi, will be treated under the respective acids from 
which th^' are derived. Inasmuch as the compounds formed by the 
simple chlorin ion, CI, may be considered as salts of hydrochloric acid, 
the reactions of this ion and the properties of the salts will be considered 
under this Head. 

Free chlorin is iLsimlly detected by its odor, bleaching properties and 
action on bromids and iodids. These reactions ser\'e to distinguish it 
from all reagents except hjfpochlorous acid, which has bleaching proper- 
ties, the same action on bromids and iodids and an odor closely resem- 
bling chlorin. Metallic raercury offers a satisfactory means of differen- 
tiation, for chlorin fonns white mercurous ehlorid, (HgCl),, insoluble in 
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HCl, whereas hypoeliloroiis acid forms brown mereiiric oxyehlorid, 
HgaCljO, which is readily soluble in HCl. Hydrochloric acid is without 
efifect on niereurj' : therefore, the solution to be tested is slightly acidified 
with nCl and shaken with mereurj- until it no longer turns a drop of 
starch-iodid solution blue. A brown precipitate indicates hypochlorous 
acid, a white precipitate free ehlorin. In case the indication is doubtful, 
ithe solution may be decanted and the precipitate treated with IlCi when 
the brown oxychlorid will dissolve, leaving behind white mereurous 
chlorid if free ehlorin was present. ITydrogen sulfid passed into the HCl 
extract will produce a black precipitate of HgS if hypochlorous acid was 
present. 

Hydrochloric Acid, HCL 

Hydrogen chlorid is a colorless gas with a sour taste and sharp pun- 
gent odor. It fumes in the air and dissolves abundantly in water, 450 
volumes of gas requiring only one volume of water for solution. Its 
aqueou-s solution reacts strongly acid to litmus and is known as hydro- 
chloric acid. "Concentrated hydrochloric acid" is a solution which is 
about saturated at ordinary temperatures and contains 3S-39 per cent. 
HCl and 61-62 per cent. H^O. A solution containing 20 per cent. HCl 
boils constant at 110°, hence hydrogen chlorid cannot be removed com- 
pletely from solution by boiling; for, on heating, any solution loses mainly 
either water or hydrogen chlorid until the composition of the liquid in the 
vessel becomes 20 per cent, HCl and 80 per cent. HjO. This solution then ' 
distills over without change. (See similar action of UNO,, page 150.) 

Hydrogen chlorid is a very stable compound and in dilute solutions 
does not yield readily to oxidizing or reducing agents. Strong oxidizing 
agents such as HMnO„ IICIO3, HCIO, HNO„ HNO^, H,Cr,0, and H.,0„ 
however, oxidize it to free ehlorin and water, especially in concentrated 
solutions, although in dilute solution the action is often inappreciable. 
When a dry chlorid is mixed with powdered KjCr^Oj and heated with 
concentrated HjSO,, the ehlorin first liberated by the reaction unites with 
chromium trioxid, another reaction product, to fonn CrO.CL, a reddish- 
brown gas under the conditions of this ejcperiment. This reaction ia 
often iwed as a test for HCl. (See pages 196 and 299.) 

Hydrochloric acid acts as one of the very strongest monobasic acids, 
in solutions of ordinary dilution being practically completely ionized. 

Salts of hydrochloric acid are soluble, ns a rule. The chlorids of 
silver and of mercury, copper, gold and platinum in the lower form are 
highly insoluble, however. Lead chlorid may be precipitated from cold ' 
solutions containing above one per cent, of lead but it ia readily soluble ] 
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in hot water. The commonly -occurring oxychlorids of bismuth and anti- 
mony arc also insoluble. 

On igpaitiou in the air, most nietallie chlorids fuse unchanged and 
volatilize at a higher temperature. Mercuric ehlorid melts at 265° and 
hoils at 307", lower than other metallic ehhirids, Wlien a metal forms 
more than one ehlorid, the higher form generally breaks down into the 
lower. The chlorids of gold and platinum lose all their halogen and 
decompose into the metals. Chlorids of trivalent metals are generally 
changed to the corresponding oxids with the liberation of the halogen. 

Heated with concentrated H.SO^, all chlorids are changed to sulfates 
and HCl is liberated. This reaction is not to be explained by the as- 
sumption that HjSOj is stronger than HCl (for the converse is true), but 
it is entirely due to the fact that HCl is much more volatile than H^SO^ 
and is therefore driven off. {See page 27.) 

All chlorids are transposed by boiling with XajCO^, except silver 
ehlorid, which requires fitsion with the dry reagent. Silver carbonate, 
the first reaction product, breaks down into the metal, carbon dioxid and 
oxygen. 

The barium ion, Ba, added to a solution containing the ehlorid ion, 
CI, causes no precipitate, for BaCl, is readily soluble. 

The silver ion, Ag, precipitates curdy white AgCl, darkening in the 
Bun-Iight. (See page 86.) 

The lead ion, Pb, precipitates white PbClj from cold solutions which 
are not too dilute. (See page 145.) 

The mercurous ion, (Hg)^, precipitates white (HgCl)^. (See page 
111.) 

Hntochlorous Acid, HCIO. 

Salts of hypochlorous acid may be produced by the action of ehlorin 
on alkalies or alkaline carbonates, as has been previously stated. If 
nitric or sulfuric acid be added to .such a solution, hypochlorous acid is 
liberated but, on every attempt to isolate it, its decomposition products 
only, chiefly ehlorin, oxygen and hydrochloric acid, are obtained. This 
is due, partially to the formation of the anhydrid, CUO, an exceedingly 
unstable substance which decomiwses immediately into its elements, and 
partially to a general reaction of all hypochlorites. When in concen- 
trated solution or when warmed, they undergo a reaction, forming chlor- 
ids and chlorates in equal proportions, as the equation shows : 



^ 
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3K— 0— CI 



2K— CI + K— O— CI 



/ 

1 

\ 



O 



Hypochlorous acid acts as a monobasic acid but it is so weak that the 
carbon dioxid of the atmosphere liberates it from its salts. Ilence it is 
that hypochlorites, exposed to the air, are soon decomposed entirely. 
Further indication of the weakness of hypochlorous acid is furnished by 
the fact that solutions of the salts formed by the alkali metals react 
strongly ba.sic liecause of hydrolj'sis. 

All hypocMoritea possess strong bleaching properties. This is ex- 
plained by the fact that they are vigorous oxidizing agents. In the pres- 
ence of reducing matter, each molecule of hypochlorite gives up one atom 
of oxygen and becomes a ehlorid. Bleaching takes place in alkaline as 
well as in neutral and acid solutions, a reaction serving to differentiate 
hypochlorites from other compounds of chlorin. The bleaching action is 
most rapid in acid solution because of the greater instability of the free 
acid than of the salts. "Chloride of lime," the great commercial bleach- 
ing salt, is a mixture of calcium ehlorid with the hypochlorite, made by 
passing ehlorin over slacked lime. 

All hypochlorites are accompanied by chlorids because of the method 
of their fonnation, heuce when any ordinary acid is added to a solution 
of a hypochlorite, hydrochloric acid, as well as hypiichlorous acid, is 
liberated. These reagents interact ; the hydrochloric acid is oxidized and 
chlorin becomes the chief decomposition product under these conditions. 

HCl + HOCl ^ H,0 + CU 

Inasmuch as ehlorin water cannot be preserved for any considerable 
time, an acidified solution of a hj-pochlorite is often used instead of the 
other more dilute reagent. 

All hypochlorites are soluble and may be transposed by boiling with 
Na^CO,,. The ammonium salt is unknown, for, on bringing together 
ammonia and hypochlorous acid, as fast as the ammonium hypochlorite 
is formed, it interacts with the remaining ammonia and is decomposed, 
according to the equation : 

3NH,C10 + 2NH, -^ 3NH,C1 + SH^O + N. 

The barium ion, Ba, added to a solution containing the hypochlorite 
ion, CIO, causes no precipitation. 
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The silver ion, Ag, precipitates white AgCl, owing to the almost im- 
mediate decomposition of the soluble silver hypochlorite according to the 
regular equation : 

3AgC10 -» AgClOj + 2AgCa 

One-third of the silver remains in solution as the chlorate, however, 
as the equation shows. 

Chloric Acid. HCIO,. 
Although chloric acid is considerably more stable than hypochlorous 
acid, like the latter it is known only in solution and attempts to isolate 
it give only decomposition products: 



/ // // 

3H— O— CI ^H— 0— C1=0 -f 2C1 +H,0 

\ \ \ 



On adding an acid to a chlorate, therefore, CIO2 is an important de- 
composition product. 

Chlorin diozid is a heavy yellowish-brown gas with stifling odor. It 
often decomposes spontaneously with explosive violence into the ele- 
ments. Its solution in water is more stable and, after a time, takes an 
acid reaction. After neutralizing with an alkali, evaporation of the 
solution leaves a residue consisting of a chlorate and a chlorite. The 
corresponding chlorous acid, HClOj, is unknown except in dilute solu- 
tion, and its salts are of little importance. ( See also page 148. ) 
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Chlorin dioxid, being so unstable and breaking down into nascent 
oxygen and chlorin, is one of the most vigorous oxidizing agents known. 
For this reason, a solution of chloric acid has strong oxidizing and bleach- 
ing properties but, unlike hypochlorites, chlorates bleach only in acid 
and not in neutral or alkaline solutions; for chlorates, in solution, are 
stable and only chloric acid decomposes in the manner stated. 

When a chlorate is acidified with IICl, much of the latter is oxidized 
by the free chloric acid, which is liberated, or by its decomposition prod- 
uct, ClOjj. Free chlorin is liberated in abundance, therefore. 
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KCIO, + 6HC1 ^ KCl + 3H,0 + eCl 

If HXOj or H^SO^ be substituted for II CI, ehlorin dioxid is the main 
product and an explasion results, espeeially if the acid be concentrated 
and the mixture heated. Hence nothing larger than a -very minute ci^- 
tal of a chlorate should ever be heated with concentrated H,SO,. 

The salts of chloric acid are the salts of a very strong acid. They are 
considerably more stable than hypoehloritrai and are not decomposed by 
exposure to the atmosphere or on gentle warming. On heating, however, 
a general reaction of all chlorates takes place, resulting in the formation 
of perehlorates and ehlorids and the liberation of one-third of their oxy- 
gen content. 

2KC10, -* KCIO, + KCl + 0, 

Since perehlorates, on further heating, break down into chlorids ac- 
cording to the reaction given on page 207, oxygen in large proportion 
is liberated in this reaction. The presence of small amounts of PbOj, 
MnOj, FcjO.T, CuO or certain other finely divided substances causes the 
gas to be liberated more rapidly and at a lower temperature. 

All chlorates are good oxidizing agents because of this decomposition 
and they are iLsed especially in high-temperature reactions performed in 
the "drj' way." Matches, "fire-works" and certain explosives consist of 
mixtures of chlorates with some combustible substance. In the presence 
of reducing agents, the formation of perehlorates does not take place, 
hence each molecule of chlorate liberates three atoms of oxygen. 

Under the influence of strong reducing agents, chlorates are reduced 
to chlorids either in acid or alkaline solution, and in this way chlorates 
may be differentiated from the more stable perehlorates which are not 
broken down by the ordinary reducing agents. 

Chloric acid acts as a very strong monobasic acid and, like nitric 
aeid, which it resembles in many of its propertira, it colors a bruein solu- 
tion red. 

All chlorates are soluble, the potassium salt, requiring 21 parts of 
■water for its solution, dissolving with the least readiness. 

All chlorates are transjTOsed by boiling with NajCOj. 

The barium ion, Ba, added to a solution containing the chlorate ion, 
OlOj, gives no precipitate, for BaClOj is readily soluble. 

The silver ion, Ag, causes no precipitation, for AgCIO., is soluble. 



Perchloric Acid, HCIO,. ' 

Perchloric acid is a colorle^, fuming, oily liquid, by far the mast 
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stable of any of the oxygen acids of chlorin ; yet it is little known in the 
]>uiT state because of its tendency to decompose explosively. "With 
water, it unites to fonn a erv'stalline hydrate. HC10,.rr._,0 which decora- 
poses at 110°. A second hydrate, IIClO4.2iI.jO, distills midecom posed 
at 203° and, since it is perfectly stable, this hydrate is the form in which 
perchloric acid is best known. 

Perchloric acid is one of the very strongest aeid.s and in ariueou.s solu- 
tion is almost completely dis.sociated into its ions. In solution, per- 
ehlorates show but little tendency to break down, even when subjected 
to a great variety of conditions. Although perchloratea contain a greater 
percentage of oxygen than the salts of any other chlorin acids, they are 
not by any means good oxidizing agents; for, because of their stability, 
they do not readily give up any of their oxygen. Hence, perchlorates 
do not possess any bleaching properties even in boiling acid solutions and 
ordinary reducing agents, such as zinc dust, Devarda's alloy, sulfurous 
acid and stannous or ferrous chlorids are without effect. Since reactions 
in solution are mainly the reactions of ions, the stability of perchlorates 
in aqueous solution is to be attributed to the stability of the perchlorate 
ion. 

The undissociated acid and salts are not by any means as stable, 
hence the danger of explosion in attempting to handle pure perchloric 
acid. This may be explained, partially, by the fact that perchloric an- 
hydrid, CUOj, a colorless oily liquid — B. P. 82° — is liable to spontaneous 
explosion. 

Ignition of perchlorates decomposes them into chlorids and liberates 
their full oxygen content. 



K- 





// 
-0— C1=0 

\ 





K— CI + 40 



The resistance to reducing agents offered by perchlorates in solution 
and their ready decomposition when the dry substance is heated, serves 
to distinguish perchlorates from .salts of all other chlorin acids. For, 
on treating a solution witlr sulfurous acid or some similar body, hypo- 
chlorites and chlorates are reduced to chlorids and may be removed from 
solution hy precipitation with silver nitrate. If the filtered solution be 
evaporated, the residue ignited and the aqueous extract again treated 
with AgNOj, any further precipitation will be due to the decomposition 
of perchlorates. (See page 306.) 
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All perchlorates are soluble, the potassium salt, requiring about 100 
parts of water for its solutiou, being the most insoluble. 

All perchlorates are transposed by boiling with Na^COj. 

The barium ion, Ba, added to a solution containing the perchlorate 
ion, ClO^ causes no precipitation. 

The silver ion, Ag, gives no precipitate. 



BROMIN. Br — 80. 

Bromin is a heavj', dark brown i>ih-reil liquid, sharing with mercury 
the distinction of beinp the only elements existing nonnidly in the liquid 
state. It passes readily into the gaseous pha.se, however, when exposed 
to the air at ordinary temperatures, forming a heavy red vapor which 
attacks the mucous meinhranes of the nose, eyes and throat, causing 
serious discomfort. It is soluble in about 30 parts of water, forming a 
solution known as "bromin water," from which all the halogen may b»J 
removed by boiling. The presence of a sohible bromid in solution renders 
the bromin somewhat more soluble. The increase in solubility is not 
equal to that caused by the addition of iodids to an aqueous solution 
of iodin but it is doubtless to be explained on the same basis (see page 
210). Bromin is so much more soluble in carbon disulfid. chloroform and 
ether than it is in water that it may be removed from its aqueous solution 
I by shaking with any of these liquids. These solvents form solutions the 
color of which varies from oranse-yellow to brownish-red depending on 
the concentration of the bromin. 

Bromin very closely resembles chlorin in chemical properties but its 
action is less energetic. All of its reactions are so closely analogous to 
those of chlorin that a detailed description will be unnccessarj- . It unite* 
with most of the elements, fonning bromids, of which hydrogen bromid is 
the most imp<3rtant. It abstracts hydrogen and liberates oxygen only 
\eiy slowly from water, biit it attacks solutions of iodids, setting free this 
halogen and forming bromids. The reactions are explained by the fact 
that bromin passes more readily into the ionic condition than iodin or 
oxygen do. (See page 327.) 

Bromin acts as a very strong oxidizing agent and pos.sesses bleaching 
properties similar to those of chlorin, the oxygen equivalent of both halo- 
gens being the same. On alkalies, the action is analogous and hypobromites 
and bromates are formed under identical conditions. Inasmuch as these 
compo\inda are of far less importance than the corresponding compounds 
of chlorin, since the properties of the two are so very similar, bypo- 
bromoua and bromic acids will not bo considered in detail. No acids or* 




salts of bromin analogous to ehloroiis and perchloric acids are known, nor 
have any osids of bromin been discovered. 

Free bromin is usually detacted by its odor, color, bleaching properties 
and action on iodids, 

Hydrobomic Acid, HBr. 

Hydrogen bromid is e colorless gas with sharp odor and acid taste, 
closely allied to hydrogen chlorid in all its properties. It fumes strongly 
in the air and dissolves abundantly in water, forming a solution known 
as hydrobromjc acid. A saturated solution consists of about 80 per cent. 
HBr and 20 per cent. ILO. 

Hydrogen bromid is much less stable than hydrogen ehlorid, hence 
it yields far more readily to reagents generally. Oxidizing agents convert 
it int<4 free broinin and water, especially in concentrated snhitions. 
Atmo.spheric oxygen is sufficient to oxidize it slowly, hence solution of 
hydTObromic acid soon turn dark because of the liberated bromin. Be- 
cause of the presence of the free halogen, the corrosive action of hydro- 
bromic acid is very great and it will dissolve several metals not appre- 
ciably acted upon by hydrochloric acid. 

If free chiorin be used as an oxidizing agent, as is fre»iueutly the 
case in testing for bromids, hydrogen chlorid is formed in place of hy- 
ctrogen oxid, i. e., water. If a great excess of chlorin be present, it may 
unite with the liberated bromin to form bromin chlorid, BrCl, which, 
although decomposed by water, may exist in carbon disulfid or chloroform, 
giving solutions which lack the red color due to bromin and are nearly 
colorless. 

Hydrobromic acid is quite as completely dissociated in aqueous solu- 
tion as is hydrochloric acid. It acts as a monobasic acid and forms salts, 
the solubility of which corresponds almost exactly with that of the 
chlorids. 

Ignition of bromids produces the same effect as with chlorids. Usu- 
ally the salt fuses unchuTiged and volatilizes as the temperature is raised. 

Heated with concentrated H,.SO,. all bromids are converted into sul- 
fates and hydrobromic acid is liljerated. Hot concentrated ITmRO, pos- 
sesses oxidizing properties (see page 187) sufficient to decompo.se some of 
the HBr set free. Hence free bromin can always be detected, together 
with the red^iction products of HjSOj, generally HO... 

All bromids are transpo,sed by boiling with NajCO^ with the exception 
of silver bromid which, like the other halogen compounds of silver, re- 
quires fusion with the dry reagent. (See page 203.) 

16 
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The barium ion, Ba, added to a solution containing the bromid ion, 
Br, gives no prueipitate, for BaBrj is soluble. 

The silver ion, Ag, precipitates white AgBr. (See page 87.) 




lODIN. 1 — 127. 

lodin is a dark gray, almost black, crystalline solid, possessing a 
metallic lustre. It fuses at 114" and boils at 184°. forming a deep violet 
vapor. If the temperature be maintained just below its melting-point, 
however, the solid may be readily sublimed. It is quite insoluble in 
water, one part of Jodio refiniriiig about 5000 parts of water for solution. 
The presence of a soluble iodid greatly increases its solubility, this action 
being due to the formation of a periodid which gives rise to the ion la. 



KI + 2I- 



K + I3 



This ion is stable only in the presence of free iodin and as fast as the 
free halogen is removed in any reaction, the periodid decomposes into 
the simple iodid, so that all the free iodin originally put into solution is 
available. 

Iodin dissolves veiy readily in carbon disulfid, chloroform, ether and 
alcohol and may be removed from aqueous solutions by shaking with any 
of these solvents, alcohol being excepted because it is miscible with water. 
Carbon disulfid and chloroform give rise to purple solutions, while 
ether antl alcohol are colored brown. 

Iodin produces a brown stain when brought into contact with the ■ 
person. The application of ammonia to a fresh stain will remove it. 

Iodin closely resembles bromin and chlorin in chemical properties, but j 
its action is far less energetic and temperatures higher than the ordinary! 
are usually required to make it unite directly with other elements. It ', 
forms an unstable compound with hydrogen, hence it does not appreciably j 
decompose water as the other halogens do. 

Iodin acts as a very weak oxidizing agent. Its oxygen equivalent j 
is exactly that of ehlorin and brwrnin, but its action is by no means as! 
vigorous, ^lany substances which are oxidized by the latter elements do ■ 
not interact with iodin and the oxidization products formed by iodin, 
when it does react, are frequently not so highly oxidized a.s are the reao-^ 
tion products when chlorin and bromin are used. (See page 189.) 

With starch in aqueous solution, iodin produces a deep blue color] 
which is due to a body formed by the addition of the iodin to the starch^J 
By adding alcohol or by boiling a solution containing the starch-iodic 
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compound, it is decomposed and the blue color vanishes, to reappear on 
dilution or on cooling, provided the boiling has not been continued too 
long. 

Free iodin is usually detected by the stareh-iodid reaction, the color 
of its vaiwr, or of its H4)lutions in carbon disulfid or chloroform. 

Iodin acts on alkalies in a manner exactly analogous to ehlorin and 
bromin, forming hypoiodites and iodates. Hypoidites, however, are 
more unstable than the corresponding salts of the other halogens and they 
have only a temporarj' existence even in solution. 

Iodic acid, HIO.,, is a white crystalline solid, very soluble in water 
At 170° it loses water, forming the colorless crystalline anhydrid, I-fi^, 
which decomposes into its elements at 300°. Iodic acid acts as a very 
strong monobasic acid, forming salts which are not as soluble as the 
corresponding chlorates. Few iodates are highly insoluble, however, the 
silver salt, reijniring about 27,000 parts of water being the least soluble. 

Periodates cannot be formed by heating iodates, analogous to the 
method for the production of perchlorates ; for, on ignition, iodates break 
down into iodids or oxids. Periodic acid may be formed by the action, 
in alkaline solution or in the "dry way," of very strong oxidizing agents 
on iodin. In its general reactions it resembles iodic acid. 

Hydriodic Acid, HI. 

Hydrogen iodid, like the hydrogen compounds of other halogens, is a 
colorless gas with sharp, pungent odor and acid taate. It is abundantly 
soluble in water, the solution being known as hydriodic acid. 

Hydrogen iodid is far less stable than any other halogen compound 
of hydrogen. The diy gas decomposes very largely into hydrogen and 
iodin, and aqueous solutions turn dark after a very short time because 
of the separation of iodin. This spontaneous decomposition into its 
elements makes hydriodic acid a very strong reducing agent, even in di- 
lute solution, — a property which hydrochloric and hydrobroraic acids 
show only in concentrated solutions. Hence, in the presence of sub- 
stances which can be made to part with a portion of their oxygen or 
other eqtiivalent element, hydriodic acid reacts vigorously. 

Ordinarj' oxidizing agents convert hydriodic acid into free iodin and 
water, but vigorous reagents, such as permanganate and ehlorin in exces-s, 
oxidize the liberated iodin to iodic acid, HIO,. In carkm disidfid or chlo- 
rofonn colorless ICl may be fonned. (See also page 209.) 

An idea of the comparative stability of the hydrogen compounds of 
the halogens may be gained by a consideration of the following facts. 
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Nitrous acid liberates iodin from dilute sohitlons of hydriodie acid, b' 
does not oxidize hydrtx'.hloric or hydrobnmiic acids except in coiieentrated 
solutions. Hydrofluoric acid is not oxidized under any conditions by 
nitrons acid or any other o.xidizing agent. Dichromic acid in dilute solu 
tjons wets free iodin ; bromin is liberated if the solution be somewb 
more concentrated, but hydrochloric acid is oxidized only in coucentrat' 
solutions. 

Hydriodie acid iw very completely dissociated in aqueous solution and^ 
though verj' unstable, ^ quite as strong as the other more stable halogen 
acids. It is monoltasic and forms salts, the solubility of which agrees ve: 
closely with that of the ehlorids, with the exception that mercuric iodid 
quite insoluble. 

Ignition of iodids indicates the unstable character of the acid fro: 
which they are derived ; for, when heated in the atmosphere, they are co 
verted into the oxid of the metal with the liberation of iodin. The sal 
of the alkali metals are most stable and may be fu,sed without appreciable 
decom[iosition. 

Heated with concentrated H^SO^, all iodids are converted into 
fates, and iodin and water are liberated; for the hydriodie acid, at first 
set free, is oxidised by the hot II.jSO^. As reduction products of t 
latter, sulfur dioxid, sulfur and hydrogen sulfid may appear. 

All iodids are transposed by boiling with NajCO^, except silver iodii 
which may be decomposed by fusion with the dry reagent. (See page 
203.) 

The barium ion, 6a, added to a solution containing the iodid ion, 
causes no precipitation, for Balj is soluble. 

The siver ion, Ag, precipitates yellow Agl. (See page 87.) 
The lead ion, Pb, ]>recipitatt« golden-yellow PbL. (See page 145.) 
The mercuric ion, Hg, precipitates vermilion Hglj. (See page 109.) 
The mercurous ion, (Hg);, precipitates olive (Hgl}i. (See page 111.) 
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Group 7, Second Type. 
Manganese 55. 

Manganese is the only known element of this type. It stands in aboi; 
the same relation to the halogen group that chromium does to the sul 
group. In the free !<tate, manganese is a typical metal and. while formii 
compounds which .show a clo.se similarity in chemical fonnula, the proj 
ties of many of its compounds are quite different from the eorrespondi 
compounds of the halogen elements. In the divalent and trivalent eond 
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tions, manganese acts as a weak base-forming element : tetravalent man- 
ganese is infennediate in eharaeter, like tetravalent lead or tin, while 
hexavalent and lieptavalent manganese possess strong acid-forming prop- 
erties. It is only in this last stage of oxidation that manganese shows 
similarity to the halogen group, 

MANGANESE. Mn — 56. 

Manganese is a brittle, grayish-white metal. Although it is an almost 
constant eompanion of iron in natural compounds, the pure metal is 
exceedingly uncommon. It is readily attacked by the constituents of the 
atmosphere, forming oxids or ' ' rusts. ' ' 

Jlanganese dissolves readily, even in acetic acid, forming salts in 
which the metal is bivalent and acts as a base-forming element. During 
the passage into the ionic condition, a large amount of energj' is liberated. 
This causes the salts to be exceedingly diflficnlt to reduce to the metal. 
On the other hand, the whole tendency of the element is to pass into a 
state of higher oxidation, becoming successively tri-, tetra-, hexa-, and 
finally hepta-valent. As the valence increases, there is a gradual disap- 
pearance of the basic pmperties which characterize the bivalent condi- 
tion and a corresfwuding increase in acidic properties until the strongly 
acid heptavalent condition is reached. (See page 45.) 

Five oxids of mangajiese are known, as the following formulae 
indicate : 





/ \ 
Mn=0 Mn Mn=0 
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Divalent manganese oxid, MnO, is the only oxid readily and com- 
pletely sohil>lc in dilute acids. There is formed in thi.'* way a whole series 
of salts in which the metal is bivalent and acts as a base-formiug element, 
about as strong as ferrous iron or zinc. Manganese salts are pale pink 
when containing wafer of erystnllization. In solution the color is not o£ 
sufficient intensity to be noticeable. Anhydrous salts are generally color- 
less. Ilydrolysis does not take place in cold solutions t« an extent suffi- 
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eient to cause precipitation of the hydroxid when the free acid in soT 
is neutralized by the addition of BaCO, or similar compounds. 

Trivalent manganeae iy but little known and is unimportant. Only 
a few stable compounds are definitely known — the sulfate. Mn^(SO^)„ 
and the "alum," Mn,.(S0,),„KjSO,,24H^O, or better, KMn(!S0j,.12H«Q, 

besides, pos.sibly, the hydroxid, Mn \ . Other salts are known only 

OH 
in concentrated solutions of their respective acids and are decomposed 
by heat and dilution. They are of a dark bn)wn color (see page 277). A 
consideration of all the known facts indicates that trivalent manganese is 
a weaker base-forming element than mangtanese in the divalent condition. 
Tetravalent manganese is better known and acts as a very weak base- 
forming as well a.s weak acid-forming element. This is suggested by the 
fact that the black dioxid, MnOj, is not acted upon by dilute acids in the 
cold. Fairly concentrated acid is necessary to dissolve it. When so 
treated, there is evidence of the existence of salts, such as MnClj, in the 
dark-colored solution, but they are less stable than the trivalent salts and, 
on heating or on dilution, they decompose according to the typical 
reaction : 

MnCl^^MnClj + C'/, 



I 



No salts are known out of solution. 

The partially-dehydrated hydroxid, Mn0(0H)2, is known as (meta) 
manganous acid, for it turns litmus red slowly and acts as a weak acid. 
It is but little soluble in alkalies because the alkali manganites are but 
little soluble and, furthermore, are almost completely hydrolyzed. In 
acids it dissolves, forming the unstable salts already mentioned, thiis 
showing that its nature has been made basic by the presence of the 
stronger acids. If H^MnOj be an acid like IIjCO, or ILSnOj, then MnOj 
is an acid anhydrid, as the equation shows, and its insolubility in dilute 
acids is thus explained. 






/ 
Mn^O 

\ 
0— H 



a 
\ 



+ HjO 



When MnaO^, like Pb,,0, (see page 143). is treated with dilute aoj 
two-thirds of the manganese is dissolved while one-third is left behind i 
insoluble MnOj,. It is therefore to be regarded as the manganous salt of 
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ortho-manganous acid (not definitely known), as is indicated by the 

formulae : 

H-0\ M«/0\ 

H-0\„ \0\Mn 

H-0/ ^\0/ 

Ortho manganous mcid. Mangmnout ortho-manganite. 

Hexavalent manganese acts as an acid-forming element entirely and 
possesses no base-forming properties. All manganese compounds, whether 
higher or lower oxidized, come into this condition on heating with alkalies, 
forming intensely green salts of manganic acid which are analogous to 
chromates and sulfates as the formulae indicate : 
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K— 
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The properties of these salts would indicate that HjMnO^ is a much 
stronger acid than HjMnO,, but not quite so strong as chromic acid. 

The acid itself is entirely unknown for, as soon as it is set free from 
one of its salts, it decomposes into a higher and a lower oxidized product, 
as the equation shows: 

H— H— 

\ / / \ 

3 Mn -»2H— 0— Mn=0+ Mn=0 + H,0 

/ \ \ / 

H— H— 

The solution of a manganate is green in color. It contains the ion, 
Mn04, which is stable only in the presence of hydroxyl ions. 

The manganate ion, MnO,, differs entirely in its properties from 
the permanganate ion, MnO^, just as Sn differs from Sn, and (Fe = C,Nj) 
from (Pe = C,N,). In the presence of H ions, even the concentration 
existing in pure water, MnO^ changes into MnOi. 

3MnO, + 4H -» 2MnO« + H^MnO, + HjO 

Hence it is that an alkaline solution of a manganate, by absorption of 
COj from the atmosphere, is gradually changed to the pink color charac- 
teristic of permanganates. 
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Heptavalent manganese, the hi^rhc^t »tate of oxidation that can be 
obtained with this element, is reached only in aeid solution by the action 
of strong oxidizing agents on lower oxidized eomponnds. In this condi- 
tion manganese is entirely acidic in nature. The oxid, Jfn.Oj, is a 
heavy dark-colored oil which parts with its oxygen readily to form com- 
pounds of lower oxidation. It is the anhydrid of permanganic acid. 
HMnO,, a strong' acid, all the compounds of which are characterized by 
a rich purple color, becoming pink in dilute solution. 

All compounds of manganese, heated in the oxidizing- tianie before 
the blowpipe in a bea.d of borax, or sodium metaphosjihate, produce an 
amethyst color due to the formation of manganic oxids (Mn^O, or 
MnjO^}. If manganese is present in relatively large amounts, the head 
is browji and resembles the color given hy iron or nickel. (See pages 221 
and 232.) 

Heated with oxidizing agents, such as KClOj or with NajCO, to 
which a little KNO^ has been added, all manganese compounds give a 
green colrir due to the formation of manganates of the alkali metals. 

Boiled with HNO, and PbO^ (or Pb,,OJ, all manganese compounds, 
soluble under these conditions, give a pink color to the solution, due to 
the formation of permanganic acid. The color is best observed after 
allowing the suspended matter to settle. 

The common manganese ions are Mn and MnO,. As the reactions 
of these ions are of importance, they will be considered more in detail. 

The ManeaaouB Ion, U^. 

For the Mn ion, a solution of any soluble salt will ser\'e. The nitrate 
Mu(NO,),.6HaO, is a deliquescent, very soluble salt, melting in its own^ 
.water of crystallization at temperatures but little above the ordinary. 

The hydroxyl ion, OH, precipitates white Mn(OH)j, iu-soluble in^ 
excess of the precipitant, thus indicating that bivalent manganese 
scsses no aeid-fonoitig properties. I'nlike the hydroxids of cobalt, uickell 
and zinc, it does not form manganese-ammonia ions and, therefore, does ' 
not dissolve in NII,OII, "With ammonium salts, however, it forms com- 
plex salts of the type, (Nn^jfJInCl^), which is characteristic of ferrousi 
iron, cobalt, nickel, zinc and magnesium as well. For this reason, wheaj 
the ionization of Nil, Oil is repressed by the prcsetice of NM,01 in eon- 
giderahle quantities, NH,OH produces no precipitate of Mn(0II)3. 

Mariganoiis hydroxid slowly absorbs oxygen, forming brown man-i 
giuious acid according to the eciuation : 
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H— O 

\ 
2Mii(0H), + 0, -* 2 Mn=0 

/ 
H— 

This change takes place quite rapidly in hot solutions containing the 
OH ion and is immediate in the presence of oxidizing agents. Manganous 
acid reacts with manganous hydroxid to form brown manganese manga- 
nite, which is the oxid Mn^Oj, according to the equation : 

0— H H— 

/ \ / \ 

Un + IIii=0-»BIn Mn = 0-|-2H20 

\ / \ / 

0— H H— 

Neither the acid nor the manganite is soluble in NH^Cl, hence, on 
standing, a brown precipitate separates from hot solutions of manganous 
salts made alkaline with NH^OH, even in the presence of much NH^Cl. 

The carbonate ion, dbj, precipitates white MnCOa even in the pres- 
ence of NH^Cl. In this point manganese differs from cobalt, nickel, zinc, 
and magnesium. The carbonate is slowly oxidized and hydrolyzed, thus 
producing the brown precipitate to which reference has already been 
made. 

The snlfid ion, S, precipitates from neutral and alkaline solutions a 
hydrated MnS which is flesh-colored. It is exceedingly soluble, even in 
acetic acid, and, for this reason, the precipitation by HjS from neutral 
solutions is not complete because equilibrium ensues. 

MnCl, + H,S ^ MnS + 2HC1 

For this reiason, the precipitation is best made in alkaline solution by 
the use of ammonium sulfid. 

On boiling with a large excess of (NH4)jS, the hydrated flesh-colored 
MnS loses water, turning green as the dehydration proceeds. 

The sulfate ion, SO4, causes no precipitate, as the sulfate, MnSOf. 
4HjO, is soluble in about 3 parts of H^O. A sulfate containing 7HjO 
can be obtained at low temperatures, having the characteristic form of 
the " vitriols " but it is not the ordinary crystallized salt. 

The chlorid ion, d, produces no precipitate, for MnClj.iHjO is solu- 
ble in less than its own weight of water. The salt is deliquescent and 
therefore does not keep well. 
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The cyanid ion, ON, precipitates white Mn(CN)j, soluble in dilute 
acids. It dissolves readily in an excess of alkaline cyanid forming a com- 
plex cyanid of the type, Kj(Mn = CflNg). These manf^anocyanids corre- 
spond to ferrocyanids and cobtillocyanids (see pages 223 and 230), and, 
unlike the former but like latter, the ion is quite unstable except in the 
presence of a considerable excess of alkaline cyanid. If this exceas be not 
present, potas.'siiini manganocyanid reacts with the man^anous cyanid 
formed by decomposition to give a ^'rcen precipitate of potassium man- 
ganese manganoeyanid according to the etjnation ; 

K,(Mn = C,N.) + Mn(CN), ^ K,Mii(Mn = 0,N„) + 2IvCN 

The precipitate dissolves on the addition of more KCN reversing tho 

reaction. 

Miinganoeyanids, on exposure to the air, slowly oxidize to mangani- 
cyanids according to the etiuation : 

2K,(Mn = CeN„) + + H,0 ^2K,(Mn-C,N„) -f 2K0H 

or, writing an ionic equation : 

2(Mn-"«N,) +0 + H,0-»2(Mn-C«N„) +2 OH 

These compounds are no more stable than the manganocyanids and, 
on acidifying, are entirely decomposed, the manganicyanie acid firet 
formed breaking down as shown by the equation: 

2H,(Mn-C,N,) -► 2Mn(CN)., + 6HCN + (CN), 

The ferrocyanid ion, CFe = 5„Nn), precipitates white Mnj(Fe = 
CoN„), soluble in acids of fair concentration. 

The ferricyanid ion, (FeaiC,|K„), precipitates brown Mn^tFe b 
C,N(|)s, soluble in acids of fair concentration. 

The phosphate ion, P0„ precipitates white It[na(PO^)s, soluble even 
in acetie acid. 

The Permanganate Ion, MnO,. 

By the action of strong oxidizing agents in the presence of acids (as 
already stated, page 216) solutions are obtained which contain the per- 
manganate ion, MnO„ as well as II ions. Permanganic acid, IIMnO,, is, 
however, entirely unknown out of solution, for every attempt to isolate it 
results only in the anhydrid, Mn^O,, or more often its decomposition 
products. 
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Many laltB of permanganic acid are well known, however. They are 
all of a dark red color with a greenish iridescence. All are readily solu- 
ble, giving purple solutions which change to pink as dilution increases. 
Inasmuch as the permanganates of the alkali metals give neutral aqueous 
solutions, it is evident that no hydrolysis takes place and that nMn04 
must be a strong acid. 

The alkaline permanganates are by far the most important salts. 
Potassiimi and ammonium permanganates are soluble each in about 15 
parts of HjO and separate from solution without water of crystallization. 
Sodium permanganate, NaMnO^.SH^O, is much more soluble but cannot 
be handled as well as salts of other alkalies. 

Permanganates, as a class, are such highly-oxidized compounds that 
they are not very stable, but tend to liberate a portion of their oxygen 
and break down into compounds of a lower stage of oxidation. Heated 
to 240°, x>otas8ium permanganate, which is the most stable salt, decom- 
poses into the manganate. 

K— O 

// \ // // 

2K— 0— Mn==0 -♦ Mn -f- Mn +0, 

\ / \ \ 

K— 

In solution, the same change takes place on long standing and a 
brown precipitate of MnOj, more or less hydrated, forms. By boiling 
concentrated solutions of permanganates in the presence of strong alka- 
lies, the reaction is hastened and the presence of the manganate is indi- 
cated by the color of the solution. This is evidently the reverse of the 
reaction by which permanganates are formed. (See page 215.) 

The extreme ease with which permanganates liberate oxygen make 
them the best of oxidizing agents. Anything which can be oxidized at 
all in solution will be oxidized by permanganates. In acid solutions, per- 
mangates give up so much oxygen that they are reduced from the hepta- 
valent to the divalent condition and form manganous salts with the acid 
present. From two molecules of pennanganate, five atoms of nascent 
oxygen are liberated as the eijuation shows : 

2HMn04 -* HjO + 2MnO -f- 50 = 

In the presence of H2SO4, MnO dissolves to form manganous sulfate, 
in HCl, MnClj, etc. (See also page 49.) 

In alkaline solution, only three atoms of nascent oxygen are obtained 
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from two molecules of permanganate, the manganese changing from the 
heptavalent to the tetravaleut condition only, and a brown precipitate 
of MnOa, more or less hydrated, is formed. 

aiCMnO, + HjO -^ 2MnOj + 2K0II + 30 = 

The metathetieal reactions of permanganatea are of little importance 
since all the salts are soluble. For this reason : 

The barium ion, Ba, added to solutions containing the permanganate 
ion, MnO,, gives no precipitate. 

The silver ion, Ag, gives no precipitate, except in conceutrated solu- 
tions, for AglInO, is soluble in about 100 parts of H^O at ordinarj' 
temperatures. 

Group 8. 

Cobalt 59; 

Rhodium 103; 
Iridium 193; 



Iron 55.9; 

Riitbenium 101.7; 
Osmium 191 ; 



Nickel 58.7; 

Palladium 106.5; 
Platinum 194.8. 



This group is constituted somewhat differently from the other groups 
in that its members occur in triplets instead of singly. The free elements 
are typically metallic. In combination they act as weak base-formers, 
although the first member of each triplet may act as an acid- forming 
element when highly oxidized. "What might be called the characteristic 
valence of eight is shown by ruthenium and osmium only, but, even with 
these as with the other members of this group, lower valences are more 
often exhibited. The first triplet, iron, cobalt and nickel, are the onlj 
ones occurring in any ijuantity. Platinum will be considered in detailj 
also, because of its importance in the laboratory. 

IKON (FerrumJ. Fe — 65.9. 
Metallic iron, when pure, is almost silver-white in color and melts 

above 1800°. Commercial iron always contains impurities which <jlarken 
its color and lower its melting-point very considerably. It is the most 
magnetic of metals. It unites readily with oxygen at high temperatures, 
forming the magnetic oxid, FcjO,, At ordinary temperatures it is per- 
manent in dry air but, in the presence of moisture and COa, it "rusts" 
(see later). 

Iron is very soluble in dilute acids, even in acetic and mucb,^ 
weaker acitls. forming salts in which the metal is bivalent, or in the fer- 
rous condition. The passage into the ionic condition is accompanied by 
the liberation of energy, hence iron salts are not easily reduced to the 
metal. Only in the "dry way" can this be accomplished. On the othe 
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hand, iron will precipitate silver, mercury, bismuth, copper, gold and 

platinum from solutions of theii" salts. 

Two ozids are known from which, by treatment with acids, two series 

of salts may be derived. On treatment with acids the magnetic oxid, 

FejOi, forms two-thirds ferric and one-third ferrous salt, hence its 

formula is written as shown below : 

Fe=0 

\ 
Fe=0 

\ \ 

Pe = Fe 

Fe=0 

/ 

Fe=0 

Ferroui oxld. Ferric oxld. Magnetic ozid. 

Ferrous salts are usually light green or white in color, with a slight 
tendency toward hydrolysis, for bivalent iron acts as a stronger base- 
forming element than many other heavy metals. The salts of the ordi- 
nary acids are often soluble but the solutions become turbid because of 
oxygen in the atmosphere and a precipitate of ferric oxysalts forms. 

Ferrous salts pass into the corresponding trivalent ferric compounds 
on exposure to the atmosphere and, more rapidly, under the influence 
of oxidizing agents. By the action of the stronger reducing agents, the 
reverse process is accomplished and ferric salt becomes ferrous. 

Ferric compouiids are usually of a red or deep yellow color, the salts 
of the common acids being soluble, hydrolyzing to a very great degree and 
tending to form insoluble basic or oxysalts which require the presence 
of free acid to keep them in solution. Ferric iron is much less basic than 
ferrous iron yet shows no acid-forming properties. When the valence 
rises to six, iron acts as an acid-forming element. The formula of potas- 
sium ferrate, KjFe04, shows its analogy to KjMnOi, KjCrOi and K2SO4. 

Heated before the blowpipe with NajCOj on charcoal, all iron com- 
pounds are reduced to the metal. The temperature is usually not high 
enough to make the metal sufficiently liquid to collect in a globule but a 
black magnetic crust or fine gray particles are formed instead. 

Heated in a borax-bead before the blowpipe in the oxidizing flame, 
iron salts give a yellow-to-brown color when hot, becoming much lighter 
when cold. In the reducing flame, the bead is green. 

Of the iron ions the ferrous ion, Fe, and the ferric ion, Fe, are the 
most important. Besides these kathions iron is a component of several 
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KnioDa. The ferrate ion, FeO«, m of little importance. Many complex 
anions are known of which the ferrocyanid ion, (Fe = C„N„), and ferri- 
eyanid ion, (Pe—CaN,), are the best known. 



The Ferrous Ion, Fe. 

For the reactions of the Fe ion, a solution of the chlorid or sulfate 
are satisfactory. 

The hydroxyl ion, OH, precipitates from .solutions of pure ferrous 
salts protcctcti from all oxidiziny agents, white Fe{OH)^, readily soluble 
in NH,C1, as are the hydroxids of cobalt, nickel, manganese and zinc. 
Unless special precautions are taken, however, the precipitate is dark 
preen in color, owinp to partial oxidation which may progress until red 
ferric hydroxid is finally produced. As the oxidation increases, the solu- 
bility in NH,C1 and the similarity to the zinc group in general decreases. 

The carbonate ion, dO^, in the absence of air, precipitates white 
FeCO,, otherwise a green partially-oxidized product. As the oxidation 
increases, hydrolysis increases until finally ferric hydroxid is precipitated 
and carbonic acid formed which, for the most part, separates into CO, 
and H.,0. 

Ferrous carbonate dissolve in water containing CO^, forming the 
acid carbonate, 

H— 0— C = 
/ 







Fe 



/ 



\ 







\ 

H— 0— C : 



In this condition iron exists in chalybeate springs and, on exposure to 
the air, is precipitated as ferric hydroxid. 

The " nisting " of iron may be explained by these same reactions. 
Carbonic acid attacks the metal, tiherating hydrogen and forming ferrous 
acid-carlwnato which oxidi/.cs to ferric acid-carbonate. The latter com- 
pound hydrolyzes completely into ferric hydroxid and the original 
amount of carbonic acid. Ferric hydroxid, more or less dehydrated, is 
" iron ru-st. " 

The sulfid ion, S, precipitates black FeS, readily soluble in acids, even 
in acetic acid, but insoluble in alkalies or their suliids. Becaase of these 
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C solubility relations, H„S passed into an acid solution causes no precipi- 
tate. Prom a neutral solution, FeS is only partially precipitated. An 
equilibrium ensues which may be expressed by the equation : 



FeCl, + H,S <^ FeS + 2HC1 



The avilfate ion, SO^, produces no precipitate, as ferrous sulfate is 
soluble in about its own weight of water at ordinary temperatures. From 
solutions it .'Separates with 7 molecules of water of erj-stallixation in the 
form which is characteristic of the " vitriols." As " green vitriol " or 
" copperas," it finds many industrial uses. 

The chlorid ion, CI, produces no precipitate as the ferrous halitls are 
all soluble. From ariueous solution FeCl.j.4n„0 separates and will dis- 
solve dgain in less than Its own weight of water at ordinary temperatures. 

The cyanid ion, ON, precipitates brown Fe{CN)j, appreciably soluble 
only in concentrated acids. It dis.solves in an excess of alkaline cyanid, 
however, forming a comple.v cyanid of the type, K^(Fe = €.aNrt) which 
separates into K and (Fe=CoN,} ions. The ferrocyanid ion is one of 
the most stable of all complex ions, even in very dilute solutions it decom- 
poses into the simple ions to such a slight extent that the concentration 
of Fe ions is inappreciable and no reactions of ferrous salts can be 
obtained. The ion is stable under verj- varying conditions. On acidify- 
ing a solution of a ferrocyanid, it is not decomposed but a compound of 
the composition H^(Fe = C„N„) may be isolated. In solution, this body 
ionizes to about the same degree as sulfuric acid into H ions and 
(Pe = C„N„) ions. Therefore, it is known as ferrocyanic acid, detailed 
consideration of which is given under a separate beading. (See page 130, 
also 127.) 

The phosphate ion, PO^, precipitates light-green Fe5{PO«)2, readily 
soluble ill tile stronger acids. 

The ferrocyanid ion, (re = C„li„), causes a white precipitate if all 
oxidizing agents be excluded. Ordinarily, the precipitate is light blue, 
due to partial oxidation. The composition of the substance under either 
condition will vary according to the relative amounts of the reagents 
present, being Pei(Pe = CBN,) if an excess of Fe ions be present, and 
FeKj(Fe = CjN(,) if an excess of (Pe = C„N,) ions be present. Either 
Iwdy is insoluble in dilute acids but is decomposed by alkalies with the 
separation of ferrou.^ hydroxid and an alkaline ferrocyanid. 

The ferricyanid ion, (Pe=C„Nfl), causes a dark blue precipitate of 
ferrous ferricyanid, Fe,(FeaiCaNo)v., or "Turnbull's blue." It is in- 
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soliibie in acids hut is decomposed by boiling alkalies into ferrous hy- 
droxid and alkaline ferricyaiiid. Since ferrieyauids in nlkaliue solution 
are energetic oxidizing apents, ferrie hydroxid is precipitated and alka- 
line ferroeyanid formed, in part, at least. {See pages 131 and 132.) 

BecaiLse of the great inten.sity of color produced, alkaline ferricyatiids 
offer a very delicate test for the ferrous iron, a test not ordinarily con- 
fused by the presence of any other siibstain;e. Since ferruus salts oxidize 
BO readily, the test should always be made on a fresh solution of the 
original substance. 

The thiocyanate ion, SGN, is without effect on a solution containing 
only Pe ions. 



The Ferric Ion, Fe. 

For the reactions of the Fe ion, a solution of the chlorid serves best. 

The hydroxyl ion, OH, precipitates red Fe(OH)a which loses water 
in various proportions and finally becomes red ferrie oxid, FcjO,,. The 
hydroxid, and oxid alsfi if formed by gentle heating, are readily soluble 
in acids, like hydroxitls and oxids generally, but, after strong ignition, 
FCaOj is very resistant to all ordinary agents. By fusing with acid sul- 
fates, however, it is ehanged to ferric sulfate by the nascent SO, (see 
page 188) and so may be obtained in solution. The hydroxid shows no 
acid properties, hence it is insoluble in alkaline solutions. Ferric hy- 
droxid shows a strong tendency toward the formation of pseudo-solutions 
which are of a deep red color. 

In the presence of tartaric and citric acids, sugar and other organic 
substances containing the hydroxyl radicle, ferric hydroxid is not precipi- 
tated, owing to the formation of complex bodies which do not form Fe 
ions. Ilence it is necessary that organic matter in general be removed 
from solution before the attempt is made to precipitate ferric iron. 
Ignition offei's a satisfactory' method of removing organic matter. 

'J'he csirboiiate ion, CO^, forni.s, possibly, ferric carbonate,- but, owing 
to the weakness of ferric hydroxid and carbonic acid as well, it is com- 
pletely bydrolyzed, CO, is liberated and FeCOHjj is precipitated. 

The BUlfid ion, S, does not precipitate ferric sultid, for this compound, 
formed only in the "dry way," is completely hydrolyzed on treatment 
with water. If ILS is passed into a solution of FeClj, for instance, if fer- 
ric snlfid formed, IlCl would be fonned sis well. By hydrolysis of the suU 
fid, ferric hydroxid would be fonned which would dissolve in the HCl prt>- 
duced to give the original salt, FeClj. Hence no such action is apparent. 

Hydrogen snlfid is a reducing agent, however, and, as such, changes 
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the ferric ions into ferrous ions, liberating sulfur at the same time as 
the equations indicate: 

2FeCl, + n^S -> 2FeClj + 2nCl + S 

2Fe + HjS -^ 2Pe + 2H + S 

In tlie presence of acids, the color changes from yellow to light 
green and the precipitated sulfur rendei-s the solution tnrbid. Since 
FeS is insoluble in water and alkalies, if the sulfid ion is introduced in 
excess into an alkaline solution of a ferric salt, the excess of S ions will 
react with the Fe ions, foi-raed during the reduction, and black FeS will 
be precipitated. 

The sulfate ion, B0^, produces no precipitate, as Fej(SO,)j is very 
soluble. It deliijiiesces greatly under ordinary conditions and soon ab- 
sorbs enough moisture to passs into solution. 

The cbloiid ion, CI, causes no precipitate, for FeClj is very deliques- 
cent and verj' soluble, like other ferric halids. 

If the normal salt, ferric chlorid (or sulfate or nitrate) be dissolved 
in water, the Bolution will have an acid reaction owing to hydrolysis 
because of the weak basic properties of trivalent iron. 

FeCl, + 3HsO «^Fe(OH), + 3HC1 

Because FeCOH)^ is insoluble, the reaction will continue in the di- 
rection toward the right much beyond the point at which equilibrium 
would result if Fe(OH)B were soluble. Nevertheless, an equilibrium is 
produced, the balance being brought about by the opposition of the 
two reactions; on the one side, hydrolysis tending to produce Fe(OII)j, 
on the other side, the action of HCl on FeCOII)^ to produce the original 
salt. The presence of free acid is indicated by the reaction of the 
solution to litmus. The presence of the free base by the turbidity of the 
solution. Since hydrolysis increases with the temperature, the turbidity 
is increased by boiling. 

If the acid be removed in any way as fast as it is formed by 
hydrolysis, no equilibrium wilt ensue and the reaction will proceed en- 
tirely in the direction from left to right. Barium or other insoluble 
carbonate sert'es admirably to remove all free acid, since, by the inter- 
action, carbonic acid is formed which, for the most part, breaks dovva , 
into COjj and HjO. By continually reducing the concentration of aeid,! 
BaCO, causes complete hydroly.sis of the ferric salts of strong acids and 
the complete precipitation of Fe(0H)5. Salts of aluminum and tri- 
valent chromium act similarly. 
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The cyanid ion, CN, causes the precipitation of PeCOn)^, ferric 
cyaaid bciritr unknown. By the union of the hypothetical FeCCN)^ with 
3KCN, a fomplex cyanid might theoretically be formed, having the__ 
formula, K3(Fe»C„NB), Such a compound, potassium ferrieyanid, iWH 
known and may be formed by the oxidation of potassium ferroeyanid. 
It ionizes into K and (Fe=C„N„) ions, the latter being ven' stable. 
The corresponding hydrogen compound, H3(Fe = CaNo) can be isolated. 
It separates H ions and is therefore known as ferricyanic acid, unde 
which bcadins it is treated more in detail, (See pages 131, alsio 127.) 

The phosphate ion, P(3^, precipitates yellowish-white FePO^, whiel 
like phosphates generally, is soluble in the stronger mineral acids. Ui 
like many phosphates it is insoluble in acetic acid, and ferric compounds 
may be separated from salts of the metals included in Groups III ant 
IV of the scheme of qualitative analysis and from magnesium 
well, by the introduction of the PO, ion into solutions acidified wit 
acetic acid. 

The acetate ion, (C^HjO.,), added to a solution causes no precipitate, 
for Pc(CjH30j)j is soluble. Being the salt of a comparatively weaH] 
acid a.s well as of a weak base, ferric acetate solutions hydrolyze to 
great extent, ferric hydroxid showing especial tendency under the 
conditions to form pseudo-solutions. This fa«t accounts for the charac 
teristic deep red color of ferric acetate sohitions. In a dilute boiling 
solution, an equilibrium is reached in which approximately two-thirds jj 
of all the acetic acid present exists in the uncombined condition. The 
resulting precipitates, having the proportions indicated by the formuU 
FcCOlDjCCjHjO,), is known as basic ferric acetate. Its appearance 
identical with ferric hydroxid, but it is not soluble in solutions contain- 
ing acetic acid in concentration sufficient to dissolve Fe(OH),. 

The ferrocyanid ion, {Fe = C„N„), precipitates dark blue ferric fei 
roeyanid, Fe,(Fe = C„N,),„ Prussian blue. The compound is not af- 
fected by concentrated acids, but is decomposed by boiling alkalies with 
the formation of ferric hydroxid and alkaline ferrocyanid. 

Because of the intensitj' of color produced, the ferrocyanid ion offer 
a good means of detecting the ferric ion, just as the ferrieyanid ioi 
serves to detect the presence of the ferrous ion. The test should be ap-I 
plied to a fresh solution of the original siibstance. as, otherwise, thej 
ferric ion mny be formed hy the o.vidation of ferrous compounds byj 
the air. 

The ferrieyanid ion, (Fe™C„N„), produces no precipitate, foi 
Fe(Fe*CoN„) is soluble. The solution of ferric ferrieyanid is a deei 
greenish-browu color, however. 
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^H In testing for the presence and condition of iron with the complex 
^™ iron cyanids, any color except dark blue should be disregarded. A deep 
I blue color is produced whenever ferrous ions are brought together with 

' ferri(c)eyanid ions or ferric ions with ferro{us)cyanid ions, hut not 

when ferrous ions and ferro(us)eyaiiid ions come together or ferric iona 
meet with ferri(c)cyauid iona, as the diagram indicates. 

Iron ions. CompUx iron-ct/anid ions. 
FerrOus light blue PerrOcyanid 






"4i. 



Ferric green-brown . 



. Ferrlcyanid 



The thiocyanate ion, SON, produnes no precipitate, for Fe(SCN), 
13 very soluble. Uiidissoeiated ferric thiocyanate is blood-red in color 
and thus oflfers a verj' delicate test for ferric iron. The color is intensi- 
fied by an excess of KSCN, which dis.'sociates to a greater degree than 
FeCSCN),, and, therefore, causes the ionization of the latter compound 
to be repressed, resulting in a larger qiiantity of the nndissoeiated highly- 
colored salt. 

Ferric thiocyanate is soluble in ether and in amyl alcohol, neither of 
which solvents cause dissociation. By shaking an aqueous solution with 
ether or amyl alcohol, the Fe(SCN)g will be collected from the water 
and the color intensified. {See also pages 129 and 231.) 



COBALT. CO — 59. 

Cobalt is a comparatively rare, magnetic, malleable metal of a gray 
color with a slight reddish tint. In many of its properties and in the 
character of its compounds, it closely resembles iron and nickel. 

The metal dissolves slowly in HCl and H2SO4 and readily in HNOj, 
forming compounds in which the element is divalent. A small amount 
of energy only is liberated in passing into the ionic condition. For this 
reason, the metal is precipitated from solutions of its salts by zinc, mag- 
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nraium, and other elements which liberate greater amounts of ener^ as 
they become ions, i. (., pass more readily into the ionic condition. 

Cobalt salts arc oi two types. The cobaltous series, in which th« 
metal is divalent, may be deriyed from the oxid, CoO. The cobaltie salts,' 
in ivhieh the element is trivaleut, may be referred to the oxid, Co^Oj, 
although, on treatment with aeids, oxygen (or its equivalent) i^ set free 
and cobaltous salts only are formed. 

Co=0 H— 

\ \ / / \ // 

+ 2 S ^ 2Co S +2H,0 + 

/ / \ \ / \ 

Oo=0 H— 

A third compound with oxygen, CojOi, corresponds to FejO^ and la 
the most stable oxid. It is formed when either of the other oxids are 
heated. On treatment with acids, it acts as does cobaltie oxid and do 
salts corresponding to it are known, 

Cobaltous salts are numerous, well known and generally stablea,1 
They are of a yellow or blue color when anhydrous but aqueoiLS solutionaJ 
and crystals containing water of crj'stallization are pink. Most salts of 
the eonmiouer acids are soluble. They hydrolyze but little and resemble 
veiy closely the corresponding ferrous salts. Unlike ferric salts which, 
hydrolyze greatly, cobaltous salts are not precipitated as the hydroxid byj 
treating their cold solutions with BaCOj. 

Cobaltie compounds are generally unstable under ordinary condi- 
tions. Aside from the oxid and hj'droxid, no simple salts are definitely- 
known. Possibly some of the halids exist in solution. Several complex 
salts of trivaleut cobalt are stable and well recognized, however. They 
will be considered in connection with the cobaltous compounds from 
which they may be derived. 

Heated before the blowpipe with NaaCOj on charcoal, all cobalt com- 
pounds are reduced, leaving a dark magnetic crust. 

Heated in the borax-bead, all cobalt compounds produce a deep blue 
color, probably due to the formation of cobalt meta-borate, 00(60,),. 

The common cobalt ion is Co. The trivalent ion, Co, is not definitely 
known. Both divalent and trivalent cobalt form large numbers of com- 
plex salts of varj'ing composition, most of which give easily recognized 
complex ions. Complex cobalt-ammonia salts of two types are known, one 
of which contains four molecules of NH, to one of the metal, the other 
6NHj. The salts give rise to the following complex ions : 



Co.(NH.). 



Co.(NH.). 



Co.(NH, 



w 
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The NHj in these compounds may be replaced more or less completely 
by IIjO and other molecults ; by CN, NO,, and other radicles ; and by CI 
and other atoms, giving rise to a great variety of compounds. If the 
substituting radicle or element is acidic in nature, i. e., ordinarily forms 
ions earrj'ing negative charges, as CI. CN and NO,, the character of the 
complex ion changes gradually, one positive charge being removed or a 
, minus charge being added as each successive substitution occurs, as the 
following series indicates : 

cS.^NH^y^* Co.(NH,),^N6„ Co.(NIT,),.2N0„ Co.(NHJ,.3NO,, 
Co.(NH,),.4NOj„ Co.(NH,).5NOs, C0.6NO,. 

The last of the above series — the cobalti-nitrite ion — as well as the 
corresponding cobalticyanid ion, C0.6CN, are well known. By an ex- 
tension of this principle, all the known ammonia compounds (and their 
derivatives) of any of the metals may be included in this classification. 

For the reactions of the Co ion any soluble salt may be used. The 
nitrate, Co(N03)^„6HjO js a red, deliquescent, verj' soluble salt, melting 
in its own water of crystallisation at temperatures not much above the 
ordinary. The acetate, Co(CaIIi,Oj,),.4HjO effloresces and, therefore, 
is more readily preserved than other cobalt salts. 
\ The hydroxyl ion, OH, added to a solution containing the cobalt ion, 

Co, precipitates a blue basic salt at first, Co(OH)(NOa) for instance, 
which, in the presence of more OH ions, changes into the pink Co(OH)3, 
A high concentration of OH ions causes some eobaltous hj^droxid to dis- 
solve, thus showing that it may be forced to display slight acidic proper- 
ties. In NH^OH and NH^Cl it dissolves readily, forming complex 
ammonia compounds. In the presence of sufficient NHjCl, therefore, 
NH^OH produces no precipitate owing to the formation of these com- 
pounds and to the repres,sion of its ionization as well. 

On standing in the air, more rapidly under the influence of oxidizing 
agents, especially of alkaline hypochlorites or hypobromites or of hydro- 
gen peroxid, eobaltous hydroxid oxidizes to brownish-black cobaltic 
hydroxid, Co (OH),. 

The carbonate ion, COa, causes a pink precipitate consisting of the 

t carbonate and hydroxid in varying proportions. This precipitate does 
not fall in the ])resenee of ammonium cblorid if (NH,)jCOa is used as 
the precipitating reagent. 
The sulfid ion, S, causes no precipitate in solutions containing an 
appreciable amount of acid. In neutral, alkaline and in acetic acid solu- 





tions, provided they he barely acid in reaction, black CoS is precipitated. 
Although the precipitation ib prevented by a very small concentration. 
of H ions, CoS, once precipitated, does not dissolve readily in anything 
except aqua regia. This phenomenon which is exhibited by NiS, also, 
is probably due to the existence of a highly insoluble modification into 
which the sulfids first precipitated immediately change. Although not 
readily or eoinplctt'ly soluble in anything except aqua regia, the pre- 
cipitated sulfid does dissolve somewhat in most of the dilute acids even in 
acetic acid and, when moist, is slowly oxidized by the air into CoSO,. 

The sulfate ion, SOj, causes no precipitation, for CoSO, is readily 
soluble. From solution it separates with 7HjO in the erj'stal form char- 
acteristic of the "vitriols." 

The chlorid ion, CI, causes no precipitate to fall, for CoClj-GHaO is 
soluble in 2-3 parts of H^O. 

The cyanid ion, CN, precipitates reddish-hrown Co{CN)j, insoluble 
in Bcida but readily soluble in alkaline cyanids, fonning a complex salt 
of the type K,(Co = CflX,), similar to potassium ferrocyanid. The 
complex cobaltocyanid ion, (Co = CgNa), is far less stable than the ferro- 
cyanid ioD and, in acid solution.^, is entirely broken up into the simple 
ions. Consequently on acidifying a solution of a cobaltocyanid, Co(CNJ, 
is precipitated and IICN set free. 

On treating with oxidizing agents, cobaltocyanids are oxidized to 
eobalticyanids according to the reactions ; 

2K,tC0 = C.NJ + + HjO-^ 2K,(Co-CgNJ + 2K0H 
8k + 2(Co = C,N„} -|-O + II,0-^6k-|-2(Co-C,N,)+2k + 2 ol 



I 



I 



which simplifies to 

2(Co = C,N,) +0 + 11,0 



•2(Co-C,N,) +2 OH 



Cobalt icyanids are very similar to ferricyanids. The ion, 
(Co — CoNg), is much more stable than the ion, (Co = CbNo). It is not 
decomposed in acid solutions and, on acidifying a solution of a cohalti- 
cyanid, neither HCN nor cobaltic cyanid are formed. Prom the solution 
a compound may be isolated having the composition indicated by the 
formula, Hj(Co»CaNo), which separates H ions and, therefore, is to 
be considered as cobalt icyanic acjd. The alkali salts are sohihle and 
give with the ions of the heavy metals characteristic precipitates. The 
compounds of eobaltieyanic acid are not of importance, however, and 
will not be further considered. 
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The nitrite ion, NO.j, produces no precipitate in dilute solution, foi 
tsobaltous nitrite is soluble. In coueeutrated solutions, aL-idifled withl 
''BOetic acid {but not with any miuenil acid), tho nitrous acid formed oxi- 
dize.8 Co{NOi)j to Co(NOj)„ which will then unite with KNOj (but not 
NaNOj) to form a complex salt, K3(Co— (XO.),.), which is yellow and 
fairly insoluble. Any salt of nickel formed under the same conditions 
is readily soluble, hence this reaction offers a means of separating these 
two metals. This separation requires several hours' standing, however, 
and should be repeated once again on the filtrate if a considerable <iuan- 
tity of cobalt is present. 

The ferrocyanid ion, (Fe = 6,;N„), causes a drab precipitate of 
very varying eomposJtion. apprt)xiniatintr more or less closely to 
COa(Fe = C„Na). It is insoluble in dilute acids, but soluble in N'H^OII. 

The ferricyanid ion, (Fe-C,,N.,), causes a slimy reddish precipitate, 
Co,(Fe = C„N,J;, insoluljle in dilute acids and in NH,OH, 

Tiie tbiocyanate ion, SON, causes no precipitate, for Co{SCX)3 is 
very soluble. In concentrated solutions of a thiocyanate, however, com- 
plex salts are formed which have a beautiful blue color. They are 
soluble and mort stable in amyl alcohol than in water. In the latter 
solvent, on dilution, the complex salt is decomposed into the simple salts. 
Inasmuch as nickel does not form a corresponding compound, a means 
of detecting traces of cobalt in the presence of lar^re quantities of nickel 
is here presented. To the solution to be tested 5—10 grams of solid 
NH^SCN is added and the solution then thoroughly shaken with 5-10 
ccm. of amyl alcohol. If cobalt is present, the alcohol layer will be 
colored blue. 

If ferric iron is present, Fe(SCN)j| (see page 227) will form, the 
blood-red color of which may mask the test since ferric thiocyanate is 
also soluble in amyl alcohol. On shaking the alcohol layer with a solution 
of Na^COj, the mm will be precipitated while the cobalt will not and the 
blue color wil) remain in the alcohol. 

The phosphate ion, PO^, precipitates pink CojCPOj,, soluble in 
dilute acids, even iu acetic acid. 



HICKEL. Ni — 58.7. 

Nickel is a malleable, slightly magnetic metal. It is almost silver- 
white in color and is stable in the air. It closely resembles cobalt in the 
character of its compoiinds. 

The metal dissolves slowly in HCl and HjSO^ and readily in HNO,, 
forming compounds in which the element is divalent. The passage into 
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the ionic condition is tiecompanied by the liberation of a. small amount 
of energy and the metal may he precipitated from solutions of its salts by 
metallic zinc. 

Two oxids of nickel are known, the green divalent nickelous oxid, 
NiO, and the black trivalent nickelic oxid. Ni.Oj. 

All nickel salts are fonned from the lower oxid. The series is charac- 
terized by a green color in solution and when containing water of crystal- 
lization, the color changing to yellow as the substances become anhydrous. 
Many of the salts of the commoner acids are soluble and in solution 
hydrolyze but little, showing that nickel, like divalent metals in general, 
acts as a strouirer base-forming element than trivalent metals. For this 
rea.Hon, nickel cannot be precipitated as the hydroxid by adding BaCOj 
to cold solutions of its salts. 

No trivalent nickel compounds are known except the hydroxid, 
Ni(OH),. 

Heated before the blowpipe with NBjCOj on charcoal, nickel com- 
pounds are reduced to the metal, forming a dark-gray crust which is 
8lig:htly magnetic. 

Heated in a borax-bead in the oxidizing flame, nickel produces a yel- 
lowish-brown color very like that given by iron. In the reducing flame, 
the bead turns gray and becomes opaque, owing to the presence of fine 
particles of the metal. The borax-bead can hardly be considered as a 
decisive test for nickel, however. 

The nickel ion, Ni, is best known. Complex ammonia and cyanogen 
ions are recognized. 

For the reactions of the Ni ion, any .soluble simple salt will serve. 
The nitrate, Ni(NO,)5,.6H,0, is soluble in about 2 parts of H,0. 

The hydroxyl ion, OH, precipitates apple-green Ni(0H)2, insoluble 
in an exceas, thus indicating that nickel does not .show acid properties. 
In NH4OH and in NH,C1 it is readily soluble, forming a number of com- 
plex ammonia compounds similar to some of the cobalt compounds. For 
this reason, NH^OH {or (NHJaCO^) causes no precipitate in the pres- 
ence of Nn.ci. 

In the presence of oxidizing agents, especially alkaline hypochlorites 
and hypobromites (but not of hydrogen peroxid — distinction from cobalt, 
see page 229), black Ni(OH), is formed. In alkaline solutions, fer- 
ricyanid<J act as oxidizing agents and produce the same product on boil- 
ing. Nickelic hydroxid dissolves readily in acids, forming divalent 
nickel salts and liberating oxygea or its equivalent. (See page 228.) 
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0— H H— 

/ \ / / \ / 

2Ni— 0— H + 2 S -*2Ni S +5H,0 + 

0— H H— O 

The carbonate ion, CO3, causes an apple-green precipitate, varying 
in composition, consisting of a mixture of Ni(OH)j and NiCO,. 

The snlfid ion, 3, precipitates black NiS from solutions neutral, alka- 
line or barely acid with acetic acid. In the presence of a higher concen- 

+ 
tration of H ions and of salts of tartaric and other organic acids, no 

precipitate falls, the solution merely turning dark. An excess of 
(NH4)sS exerts a similar action, precipitating part only of the NiS and 
giving a brown filtrate. When once precipitated, however, NiS is not 
appreciably soluble in acids or in any of these other reagents but shows 
the same phenomena as CoS. (See page 229.) 

The sulfate ion, SiD^, causes no precipitate, as nickel sulfate is sol- 
uble in 2-3 parts of HjO. From solution it crystallizes with TH^O in 
the crystal form characteristic of the "vitriols." 

The chlorid ion, CI, causes no precipitate, as NiClj.BHjO is soluble 
in less than two parts of H2O. 

The cyanid ion, CN, precipitates green Ni(CN)2, insoluble in dilute 
acids. In an excess of an alkaline cyanid, it is readily soluble, forming 
a complex cyanid of the type, KjNiCCN),, which forms the complex 
ion, (NiCiN^). In the presence of H ions, it is unstable and decomposes 
entirely into the simple ions, Ni and CN. By treating the complex 
nickel cyanid with bromin or other oxidizing agents, it is not oxidized 
to a complex salt of trivalent nickel, as is the case with the corresponding 
cobalt salt, but it is decomposed according to the equation : 

KjNiCCN), + 8Br-^2KBr + NiBr^ + 4CXBr 

In the presence of NaOH or KOH, Ni(OH) j is formed and is oxidized 
by the bromin to Ni(0H)3, which is precipitated. 

2ifi(OH)2 + 2Br + 2NaOH -^ 2Ni(OH)3 + 2NaBr 

By this means a separation of cobalt and nickel may be effected, 
since, under similar treatment, a soluble cobalticyanid is formed. (See 
page 230.) 

The ferrocyanid ion, (Fe = C„N,), precipitates light green 
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Nij(.Fe = OoN„), insoluble in dilute acitls but soluble In NH^OH, forming 
complex niL'kcl-aninKmia eompouiiils. 

The ferricyanid ion, (Pe=6flN„), precipitates oUve-brown 
Nij(Fe=CoXa)2, insolnijle in dilute acid, but soluble in NH^OH, form- 
ing complex niukel-annnonia compounds. Since cobalt ferricyanid is 
insolvible in NII,OH, this offers a mo)3t satisfactory method of separating 
nickel from cobiilt. (See psti^e 231, also 26S.) 

The tbiocyanate ion, SCN, causes ao precipitate and gives no color 
to the solution. 

The phosphate ion, PO^, precipitates apple-green Ni3(POj2, soluble 
in acid.s, even in dilute acelic acid. 



PLATINUM. Ft — 194.8. 

Platinum is a heavj', grayi.'sh-white, malleable inotnl, melting at 1770°, 
a temperature somewhat hi^'her than the tlanie of an ordinary Bunsen 
burner. It resembles trold in many of its properties. Like the latter 
element, it does not tarnish in the atmosphere at any temperature and 
does not dissolve in any acid. Since it is readily acted upon by the halo- 
gens, it does di.ssolve iu aqua regia, forming hydrochlorplatinic acid, 
HjPtClj. Platinic ehlorid, PtCl,, is undoubtedly a transition product 
(see later). 

The finely di^aded metal obtained by the reduction of its salts — 
"platinum black" — or by their decomposition by heat — "platLniun 
sponge"— has the power of alisorbiiig large quantities of hydrogen, oxy- 
gen and other gases. Since these substances are liberated in a very much 
more reactive (nascent) condition (see page 40), the presence of finely 
divided platinum is a very great aid in certain chemical reactions. 

Platinum does not pass volnutariSy into the ionic condition but re- 
quires that energy be expended to make it a.ssnme the electric charge. 
Like gold it stands very low in the Potential Series, hence from solutions 
of platinum salt.i, the element is precipitated by the introduction of any 
of the other common metals. 

With oxygen, platinum does not unite directly but, by indirect meth- 
ods, two cfim[Tounds with this element may be obtained. 

Platinum monoxid, PtO, t<igether with the divalent platinous salts 
derived from it, are of little importance and, in general, resemble the 
corresponding higher oxidized compounds which are generally of a much 
lighter color. 

The tetravalent platinic salts, derived from the dioxid, PtO,, are gen- 
erally soluble and of a yellowish-brown color. They are more stable than 
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the corresponding auric salts, as is indicated by the facts that oxalic acid 
and ferrous salts cause no reductiou at ordinary temperatures in acid 
solutions, althoufrh long boiling with ferrous salts in neutral solutions 
causes a precipitation of the metal. Stannoas chJorid docs not precipi- 
tate metallic platiniun but causes the formation of soluble platinous salts. 
Hydriodic acid accomplishes a similar reduction to the platinous condi- 
tion but hydrogen snliid is without effect. (See page 89.) 

On ignitloa, all platinum salts are decomposed into the metal and, 
when heated before the blowpipe on charcoal with NajCO,,, they leave 
behind a dry infusible gray powder, which shows metallic lustre when 
rubbed in a mortar. 

Simple platinum salts are only infrequently met with, owing to a 
very strong tendency toward the formation of complex bodies by the addi- 
tion of many other suljstauccs. To illustrate: Platinie chtorid, PtClj, 
which separates into the simple Ft and CI ions, is but little known be- 
cause it unites so readily with hydrogen chlorid (or, analogously, with 
other chlorids) to form the compound hydroehlorplatinie acid, HjPtCl,, 
which separates, along with hydrogen ions, the chlorplatinate ion, PtClo 

Salts of hydroehlorplatinie acid are of considerable importance. 
The potassium salt, K^PtClo, and the ammonium salt, (NHJjPtClo, dis- 
solve to some e.\tent in water (see pages 74 and 78) but they are 
highly insoluble in dilute alcohol. They are frequently made use of for 
the separation of ammonium and potassium radicles from solution. 

The hydroxyl ion, OH, added to au acid solution containing tetra- 
valent platinum, does not precipitate platinie hydroxid, but forms in- 
stead the alkali chlorplatinate. Platinie hydroxid, when obtained under 
carefully prescribed conditions, is found to act either as a base or an 
acid, dissolving either in acids or in bases, like gold hydroxid. 

The sulfid ion, S, added to a solution containing tetravalent platinum, 
decomposes the cldorplatinate ion, PtClj and precipitates black PtS^, 
which is insoluble in all acids. It dissolves in aqua regia, however. 
Platinie sulfld unites with alkaline suliids to form soluble thiuplatiuates 
similar to thiostannates (see page 141). In the scheme of qualitative 
analysis, therefore, platinum appears in the tin group. 

The Care of Platinmn Ware. 

Although platinum is one of the most resistant of metals, it is in- 
correct to assume that it may be subjected to the action of all chemical 
reagents under all conditions without injury. At ordinary temperatures 
only aqua regia and the halogens act on it, but, at higher temperatures, 
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many other substances have a very appreciable action. Alkaline hy- 
droxids, sulfids and cyanids in the state of fusion all attack it, although 
alkaline carbonates and borates are without effect. At high temperatures, 
iodin, sulfur, phosphorus and arsenic react vigorously, and most metals, 
except iron, form readily fusible alloys. Carbon is not without action on 
highly heated platiniun and vessels of this metal should never be ignited 
over a luminous flame which deposits soot, i. e., carbon, on a cold object 
introduced into it. 

Not alone must the heating of any of these substances in a platiniun 
vessel be avoided, but care should be exercised that none of these sub- 
stances shall be formed by the interaction at high temperatures of sub- 
stances which are themselves harmless. Salts of the metals (especially 
of silver, mercury, lead, bismuth, tin, zinc, arsenic and antimony) or sul- 
fates or phosphates should never be heated with reducing matter, for the 
reduction products may completely ruin any platinum vessel in which 
the ignition takes place. 

The physical condition of platinum is a prominent factor in in- 
fluencing the action of reagents upon it. Platinum ware should always 
be kept smooth, clean and polished. Should it become stained or tar- 
nished, it should be boiled with dilute nitric acid, or it may be fused with 
borax and afterwards digested with hot dilute nitric acid. Platinum 
may be polished conveniently by rubbing between the fingers with fine 
sea-sand. 
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The systematie analysis of any solid substance consists of three parts: the 
Preliminary Ej^aminatinn, as given pa|?es 243-247, the Banic AtiaU/sis — testing 
/or kathions or metaliie elements — as fjiven pages 248-273, the Acid Analysis — 
testing for anions or acid radicles — as given pages 27.5-309. 

The Freliminary Examination is iilade on small portions of the original 
solid substance. It nhnnhl rarely be omitted since it takes but a few minutes 
and. if the substance is lioinngeneous ((". e., is not a mixture) anil is fairly 
simple, the results of a preliminary esamination may render testing unneces- 
sary. 

The Basic Analysis is the systematic examination to determine the presence 
or absence of ions of- the more commonly occurring metals. The tests consist 
entirely of reactions performed in the " wet way," thus requiring that the 
original substance be obtained in solution. It is pulverized, therefore, and 
the action of tlie following solvents is tried in the order given. 

Water. Boil about 1 gram of the finely powdered substance with 10-20 ecm. 
of distilled water. If the substance is readily and completely soluble, proceed 
at once to the Basic Analysis. If it does not dissolve apparently, evaporate 
1-2 ecm. of the water extract in platinum to see whether anything has gone 
into solution. If an appreciable residue is left on the platinum, continue the 
extraction of the original substance with fresh portions of boiling water as 
long as anything continues to dissolve. If the substance is insoluble in water, 
try the action of — 

Hydrocliloric Acid. Warm the residue left after extraction with water with 
dilute HCl. If the substance dissolves readily, continue the addition of HCl, 
if necessary, until no residue is left and treat the solution at once as directed 
under Filt. 1 of the Basic Analysis; for Group I, Div. A cannot be present if 
the substance is soluble without residue in HCl. If the substance is not readily 
soluble in the dilute acid, try the action of concentrated HCl and evaporate a 
portion of the liqnid in platinum to see if anything dissolves. If the sul>stance 
is insoluble, decant the HCl, wa.sh the residue twice with a Utile water and 
decant the washings. Then try the action of — 

Nitric Acid. Treat the residue insoluble in water and HCl, fli-jit, with boil- 
ing dilute HNO, and, secondly, if necessary, with concentrated HNO, just as 
in the extraction with HCl. If the substance is soluble in HNO,, heat the solu- 
tion to boiling and add concentrated HCl as long as bi-own fumes or the odor 
of chSorin is evolved. The formation of a precipitate on the addition of 
HCl indicates the presence of Oronp I, Div. A. 

By the interaction of HCl with HNO, (see page 43), the latter is entirely 
removed from solution. This is necessitated by the fact that HNO, oxidizes H,S 
to free sulfur or to H.SO,. For this reason its presence in solution would inter- 
fere seriously with the Basic Analysis, preventing the precipitation of sulfids of 
the metals of Oroup 1 and pussibly causing the precipitation of sulfates of 

239 




240 



QUALITATIVE ANALYSIS. 



Group IV. (For tliese same reasons, other oxidizing agents, if present, interfere 
with the analysis. This method of boiling with concentrated HCl serves to re- 
move all objectionable oxidizing agents, however.) When further addition of 
IICl canses no further liberation of brown fumes, evaporate nearly to dryness to 
remove the excess of acid. Dilute with hot water and, if the solution becomes 
turbid on dilution, add sufficient IIL'l to clear it. Filter, if necessarj', fi"om any 
Group I, Div. A preeipitate. Examine this precipitate for Ag, Hg and Ph as 
directed under Prec. 1, page 350. Treat the filtrate as directed under Filt. 1, page 
252. If the substance does not dissolve in concentrated HNO„ try the action of — 

Aqua Regia. Add concentrated HCl to the concectrated HNO, and warm. 
if tiie suhsiaiiee dis.wlve8, remove the HNO, from solution and proceed as 
directed in the preceding paragrajths devoted to the extraction with HNO,. 

Original Solution. The solution thus prepared for systematic analysis, ob- 
tained with or without tlie use of acids, is known as the original solation. 

In llie analysis of complex mixtures, the preceding treatment may result in 
the solution of one or more components of the mixture by each of the different 
solvents used. When partial solutions of the original substance are thus ob- 
tained, it is preferable to analyze each portion separately; for, by so doing-, a 
better idea may be obtained of the acid which is uidted to any given base present 
in the mixture. If, however, it is found that the separate extracted portions 
may be pouicd together witlioul producing a precipitate, they may be mixed 
and the whole treated as the original solution after the removal of nitrie acid 
as previously directed. 

Duruig the treatment with HCl in making the original solution, indication 
is frequently obtained of the pi-esence of certain acids. When carbonates, sulfids, 
sulfites, thiosnlfates, eyanids, nitrites, etc., are treated with HCl, gases (CO,, 
HjS, SO,, HCN, N.O,) are usually liberated which may be recognized by tlieir 
cliaracteristic odors or detected by the regular methods. These indications should 
not be overlooked and, if an efEervescence is noted, the gas liberated should be 
determined in every ease. 

In treating with HNO,, the presence or absence of brown fumes denoting 
oxidizalion should also be noted. 

Hetals and alloys generally should be dissolved in HNO„ for treatment 
with HCl m^ cause the loss of AsCl,, H,S, PH„ etc., which are volatile. 
Phosphorus and sulfur, present in an alloy, ai^e liberated as H,S and PH, on 
treatment with an acid hut are immediately oxidized by HNO, to non-volatile 
compounds:- — free sulfur, H,SO,, H,PO., etc. If gold, platinum, tin or anti- 
mony are present, the alloy will not dissolve without residue in HNO,; for the 
fii-st two metals are insoluble and the last two fonn meta-staunic acid, Hj.SnO,, 
and antimony pentosid, Sb,0,, respeetively, compounds quite insoluble in nitric 
acid as well as in water. The other compounds of the alloy will readily 
pass into the solution which should then he treated as previously directed (or 
the removal of HNO, and then tested for bases in the regular way. None of 
the acid-forming elements need be tested for, except sulfur, phosphorus, arsenic^ 
silicon and carbon. 

The residue insoluble in HNO, should be washed by decantation and then 
digested with concentrated HCl for 10-15 minutes at the boiling temperature. 
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Add au equal volume of water and again beat to boiling. This treatment sliould 
dissolve most of the tin and antimony and tliese elements may be detected in 
the deeanted solution in the icgiilar way by pussinj^ H,S and diluting somewhat. 
Tiie residue insoluble in Ilt'l shonld lie treiited with aqua regia, when gold and 
platinum will dissolve and may be detected in the solution in the usual way. 
Should any residue still remain, fuse with NaOH and snlfur as direeted later 
under the treatment of insoluble substances and test for tin and antimony in 
the aqueous extract. 

Inaolnble Substances. The substances of most frequent occiuTence which 
do not yield to the foregoing treatment are:— S, C, AgCl, AgBr, Agl, AgCN, 
PbCrO., PbSO., SnO^'SnS^ Sb.O., Ye,0„ Fe.O., Fe.(Fe = C^ST,)., SrSO,, 
BaSO,, AljO,, Cr,Oj, CaF., SiO, and many silicates. These substances are 
usually white with the following exceptions ; S and Agl are light yellow; 
SnSj, "mosaic gold," is deep yellow; rbCrO, and Fe,0, are reddish; Cr,0, and 
sometimes CaF, are gi-eeni.sh; Fe,( Fe = C„N,), is deep bine, Fe,0, and C black. 

These substances I'equire special treatment varying with the nature of the 
compound. It is of great advantage to obtain si»me indication as to the com- 
position of the substance before treating with other reagents.. Unless sufficient 
indication has ali-eady been obtained, examine the insoluble residue according 
to the melhods of the PreliniiiiBry Exainitiation especially as directed under C. 

If siilfui or carbon is detected, it nmst. be removed before continuing 
the analysis. This may be aeeouiplished most conveniently by ignition. Sulfur 
will burn to SO, which may be recognized by its odor. Carbonaceous matter 
burns to t'O,, the black substance tlisappeariug entirely or leaving only a slight 
white ash. 

If silver is indicated, cover the substance with a piece of metallic zinc and 
add dilute H,SO,. Continue the treatment until only a dark residue remains. 
The zinc, dissfdiing in tlie H,SO,, throws out the silver in tnetallic form, leav- 
ing the acid radicle in siilution, along with the e.\cess of zinc sulfate, where it 
may be detected in the usual ways. The silver may be obtained in Bolution by 
dissohing the washed residue in nitric acid. 

If lead is indicated, fuse the substance with 4-5 times its weight of a mix- 
ture of Xa/'O^ and K,CO, on a piece of sheet iron — platinuadBay be rained — 
cool, extract with boiling water and test for H.SO, and HjCr.O,. The lead 
may be obtained in solution by dissolving the washed residue in acetic or nitric 
acid. 

If tin or antiinonjr is indicated, fuse the substance in a porcelain crucible 
with its own weight of NaOH and an equal amount of sulfur. This will form 
soluble thiostannates or thioantimouates (see pages 141 and 169) and in the 
aqueous extract, treated bb Filt. 5, tbese elements may be detected and con- 
tinned in llie regular way. 

If no metal other than iron is indicated by the pi-eliminarj' teat, fuse the 
substance in a platinum crucible with 4-5 times its weight of the NajCO, — 
K,(_'0, mixture and add a few crystals of KNO,. Cool, boil out with a little 
water and test the aqueous extract for the acids possibly present; also for 
aluminum and chromium which are present (if present at all), the former as 
^ J2 =_ 
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Na,A10, and the latter as Na,CrO,. Dissolve the insoluble residue, after wash- 
ag, in HCl and test the solution for the bases. 

By this fusion, eyaniils, either simple or complex, are completely oxidized, 
hence this acid cannot be detected in the resulting solution. All cyaiiids ai-c 
decomposed hy heating with dilute H.SO, (] :2) with the liberation of ETCN 
which may be collected in a trap containing NaOH. After washing out the 
contents of the trap into a test-tube, hydrocyanic acid may be detected in the 
usual ways. (See pag^ 204.) 

Some silicates mid ignited oxids are not decomposed readily by fusion with 
the Na/'O, ^ — IsCO, mi.tture but yield to the action of fused acid potassium 
sulfate, HKSO,. The substance, mixed with 4-5 times its bulk of the acid 
sulfate, may be fused in a test-tube over a Bunseu flanie for abont one half 
hour at a temperature just high enough to cause a slight liberation of white 
fumes of snlfur trioxid. (See page 18S.) 

Alkalies present in insoluhle silicates can not be determined after either of 
these methods of treatment inusinuch as salts of the alkalies are introduced 
during the process. Resort is had to the following method. The finely powdei-ed 
sihcate is mixed with an equal amount of NH/'l and 5 times as much t^aC'O, 
and heated to bright redness for half an hour or longer (see page 13.5). The 
aqueous e.'Etract, after precipitation of calcium by (NHJ.CO, and (NTIJ.C.O,, 
is evaporated to dryness and ignited to i-cniove ammonium salts. The residue 
is then moistened with HCl and examined for alkalies by the flame tests. 

The Prepared Solution. Before beginning the Acid Analysi.s, bases other 
than the alkalies must be renioved. This may be satisfactorily accoiuplishei! by 
adding to a portion of the original solution Xn/'O, until a strong alkaline re- 
action is produced, A precijiitate will fall which is boiled in the solution for 
fifteen minutes and tlien filtered off. By this treatment, all bases except ni'senic, 
antimony and the alkalies are removed a.s carbonates, or their deeom])ositioti 
products, and the acids remain in solution as soluble alkali salts. Any insoluble 
salts, other than carbonates, which at first might be precipitated in alkaline 
solutions, are subsequently transposed by the boiling NajCO, solution (see page 
68). Thorough boiling should not be neglected, for, otherwise, some acids may 
be filtered off and lost in the jsrecipitate. If either arsenic or antimony is 
detected in the Basic Analysis, before adding NajCO, a portion of tlie original 
solution is made strongly acid with HCl and H^S is introduced as long as a 
precipitate falls. To the filtrate from this solution, Na,CO, is added and the 
treatment finished as directed. The sohition thus made ready for the Acid 
Atialy.-iis is known as the prepared solution. 

It is advantageous and customarj' to make the Basic Analj'sis before start- 
ing the Acid Analysis, inasmuch as the former is more sT,^stcmatic than the 
latter and indications of certain of the acids present are frequently obtained 
during the Ba.sic Analysis. At the beginning of the Acid Analysis, preliminary 
tests are matte indicating the presence or absence of certain groups of acids. 
Further than this, the Acid Analysis consists, generally, in making individual 
tests for each acid tliat bus not been excluded by the preliminary tests tmm Ihe 
number of those jiossibly )ireseiit, A consideration of the sohibility of the 
original substance will exclude certain acids at once. For instance, if the 
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original substanee is soluble in wntpr and liBriuiti is the metal present, it is 
unnecessary to make tests for H,SO„ H,PO,, H^SiO, and olhei-s, for the barium 
salts of these aeids are not soluble in water as a glanpe at the Table of Soln- 
bitities (pages 330 and 331) \^ill show. Similarly, if silver has been found in a 
compound forming a neutral solution witli water, the same table indicates that 
the only adds that ran be present are HF, HKO., HNO,, H(C,H,OJ, HCIO,, 
HCIO,, HMnO. and H.SiF,. By inteOigent use of this Table of Solubilities 
the Acid Analysis may usitally be greatly simplified and shortened. 

Liquids submitted for qualitative analysis generally consist of aqueous soUi- 
tions. After noting the reaction f>f u solution to litmus, the remainder of the 
preliminary examination may usually be omitted. If the solution is very acid, 
remove as much of the excess of acid as is possible by evaporating nearly to 
dryness, after which dihite with water and proceed with the Basic Analysis. 
If the solution is alkaline, make faintly acid with KNO,. If a precipitate 
falls, filter and consider (ho filtrate as the original solution and analyze for 
bases and acids. Treat the precipitate <if there is one) according to the 
methods for insoluble sidistances. 

Oases can be satisfactorily analyzed, usually, only by I he methods of Qaa 
Analysis, for which the student is referred to the standard manaals on the 
subject. 

PRELIMINARY EXAMINATION OF SOLIDS. 

For these tests small portions of the original substance may he used. If the 
origirinl substance be in solution, its reaction to litmus should be noted. Other- 
wise, the preliminary examination may usually be omitted without detriment. 
If it is desirable to make these tests, small portions of the i-esidue left by 
evaporation to dryness may be used. Blackening or chaiTing on evaporation to 
dryness is an indication of the presence of organic matter. 

Note carefulli/ the appearance and physical properUea of the original sub- 
stance and draw inferences according to previous experience. 



A. Heat in a Closed-tube of Hard Glass. (See pages 53-5.5.) 
Oliservniion, Indication, 

Change of color', Presence or formation of — 

Yellow, hot ; slraw-culor, cold ZnO. 

Yellow-red, hot ; yellow, cold ; fusible PbO. 

Y'ellow-brown, bot; dirty white, cold. SnO,. 

Orange, bot; light yellow, cold; fnsible Bi.O,, 

Dark red, bot ; yellow, cold ; fusible PhCrO,, or alkali chromate. 

Yellow, easily fusible to brown liquid S, free or from polj-sulflda. 

Red, cold; black, hot; globules of Hg HgO. 

null red, rnld ; red-black, hot Fe,0,. 

Becomes black ou heating — - 

(a) often »ho«'ing blue or green color 
pre^ioasly Co or Cm salts. 

(b) chars Organic matter. 
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Observation. Indication. 

2. Eyolntion of volatile matter: Presence or formation of — 

Brown color, characteristic odor. . N,0,. Nitrate or nitrite. 

Violet color, characteristic odor, lodin, or iodid with oxidizing 

black sublimate I agent. 

Brown-red color, characteristic Bromid with an oxidizing 

odor Br. agent. 

Pale green color, characteristic Chlorid with an oxidizing 

odor CI. agent. 

Colorless, odor of burning sulfur. Sulfur, sulfid, sulfite, thio- 

acid reaction SO,. cyauate, sulfate with reduc- 

ing matter or other sulfur 
compound. 
Colorless, characteristic odor....H,S. Sulfid, or sulfur compound 

with reducing matter. 
Colorless, making " lime-water " Carbonate or organic matter. 

turbid CO... 

Colorless, characteristic odor, al- Ammonium salt. 

kaline reaction NH,. 

Colorless, characteristic odor, Cyanid or thiocyanate. 

bums with pink flame (CN),. 

Colorless, odor of " burned Organic matter. 

sugar," inflammable. 
Colorless, kindling glowing spark O. Chlorate, nitrate, perosid or 

unstable oxid. 
Condenses to a clear liquid, turn- Moisture, water of orystalliza- 

ing dehydrated CuSO. blue...HjO. tion or water formed dur- 

ing decomposition. 

— if acid in reaction Volatile acid or acid salt. 

— if alkaline in reaction Ammonium salt. 

3. Formation of a sublimate: Presence or formation of — 

White .• Ammonium salt or. some or- 
ganic substance. 

White, ciystalline Sh.Oj. Antimonious oxid. 

White, ci-ystalline As.O,. Arsenious oxid. . 

White, crystalline HgCl,. Mercuric chlnrid. 

AVliite, yellow when hot (HgCl),. Mcrcurons chlorid. 

Yellow As,S,. Arsenious sulfid. 

Yellow, red when rubljed Hgl,. Mercuric iodid. 

Black As. Arsenic. 

Black, violet vapor I. lodin. 

Black, red when rubbed HgS. Mercuric .sulfid. 

Metallic mirror or globules Hg. Mercury. 
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B. Heat witb Concentrated Snlfnric Acid in a 
Observation. 
Evolntion of gas: 

Brown color, characteristic odor. .N,0,. 
Violet color, characteristic odor, 

black deposit I. 

Brown-red color, characteristic 

odor Br. 

Pale green color, characteristic 
odor CI. 

Green-yellow color, characteristic 

odor, explosive ClO^ 

Colorless, odor of burning sulfur SO,. 



Colorless, oidor of burning sulfur 

accompanied by blackening. . 
Colorless, characteristic odor 

darkens lead-acetate paper. . . . H,S. 
Colorless, making "lime-water" 

turbid CO,. 

Colorless, odor of bitter almonds HCN. 
Colorless, characteristic odor, acid 

reaction H(C,H,0,) 

Colorless, characteristic odor, acid 

reaction HCl. 

Colorless, characteristic odor, acid 

reaction, etches glass HF. 

Colorless, deposits silicic acid on 

contact with water SiF,. 

Colorless, burning with blue 

flame CO. 



Test-tube. (See page 55.) 

Indication. 
Presence or formation of — 
Nitrate or nitrite, 
lodin or iodid. 

Bromid. 

Hypochlorite, chlorate, or 
chlorid with an oxidizing 
agent. 

Chlorate. 

Sulfite, thiosulfate, or reduc- 
ing matter, possibly H,S, 
acting on the sulfuric acid. 

Organic matter. 

Sulfid. 

Carbonate or oxalate. 

Cyanid. 
Acetate. 

Chlorid. 

Fluorid. 

Silicofluorid, or fluorid with 
silicate or silicic anhydrid. 
Cyanid or oxalate. 
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0. Heat on OharcoaL (See page 55.) 
(a) Without other reagents. 
Observation. Indication. 

1. Tbe substance fnses and is ab- Salts of Li, Na or K. 

sorbed by the charcoal. 

2. The substance is infusible: 

Moistened with water gives alka- BaO, SrO, CaO or MgO. 

line reaction. 
Moistened with dilute solution of 

cobalt nitrate and reheated 

turns Blue.* A1,0,. 

Green. ZnO. 

3. The substance deflagrates. . : Nitrates or chlorates. 

4. A coating forms on the charcoal:! 

White, g^lic odor A8,0,. Arsenic. 

White, near the residue Sb,0,. Antimony. 

Yellow, hot; white, cold ZnO. Zinc. 

Yellow- red, hot ; yellow, cold . . . PbO. Lead. 
Yellow-brown, hot; dirty white, 

cold, very near residue SnO,. Tin. 

Orange, hot; light yellow, cold. . . Bi,0,. Bismuth. 

Brown-orange, hot; same, cold. . . CdO. Cadmium. 

(6) With NajCO, and powdered charcoal. 
1. Metallic globule is formed ::|: 
AVithout coating on 

charcoal — yellow, Gold. 

red, Copi)er. 

white, malleable, Silver. 

• Some silicates give a pale blue color on similar treatment. 

t The indications given by the oxids here formed as coatings on the charcoal may 
be obtained by what is known as the film test. A small portion of the substance 
(dry or in solution) is heated on a few fibres of asbestos in the oxidizing flame of a 
Bunscn burner so placed under a porcelain dish containing cold water that any volatile 
matter will be condensed upon it. On exposure of the sometiincs invisible film to II^S 
the characteristic color of the corresponding siilfid will be developed. 

Film. With H,S. Indication. 

White. White. Zinc. 

W'hite. Yellow. Arsenic. 

White. Orange. Antimony. 

W'hite. Yellow or brown. Tin. 

Yellow (pale). Brown. Bismuth. 

Yellow. Black. Lead. 

Brown. Yellow. Cadmium, 

t These metallic globules may be very satisfactorily ol>taineil Iiy what is known 
as the match test. On a crucible cover fuse a piece of crystallized sodium carbonate 
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With coating on char- 
coal as in C(a)4 — 



white, malleable, Tin or lead* (see pages 138 

and 142). 
white, brittle, Antimony or Bismuth (see 

pages 165 and 170). 
dark, brittle, Iron, cobalt or nickel. 



2. Magnetic mass is 
formed: 

D. Heat in a Borax-bead. (See page 56.) 
The bead is colored: 
In oxidizing flame — In reducing flame — 

Blue. Blue. Cobalt. 

Blue. Red, opaque. Copper. 

Green. Green. Chromium. 

Yellow. Green. Iron. 

Brown. Gray, opaque. Nickel. • 

Amethyst. Nearly colorless. Mangaese. 

E. Heat on Platinnm Wire in Bnnsen Flame. (See page 56.) 



The flame is colored: 



Sodium. 

Potassium. 

Calcium. 

Strontium. 

Lithium. 

Copper or boric acid. 

Barium. 

Cupric chlorid. 

Arsenic. 



Yellow. 

Lavender. 

Orange. 

Crimson. 

Carmine. 

Green. 

Green, yellowish. 

Blue, brilliant. 

Bhie. pale. 

Na,CO,.10H,O, and nib a match from which the tip has been removed in the solution 
thus formed until the wood is saturated. Char the match in a Bunsen burner, dip it in 
the finely powdered substance and heat again in the reducing flame when the metallic 
globule will appear. 

* In these as in other cases where it is necessary to determine the composition of 
very small amounts of matter, a whole series of reactions may be performed by plac- 
ing the substance in solution and making separate tests on single drops transferred 
by means of a glass rod to a porcelain surface or filter paper. By means of the glass 
rod single drops of reagents (NaOH. NajCO,, (NH,)jS, NH.OH, HCl, H,SO„ K,CrO., 
KI, KCN, K.(Pe= CN,), K,(Fe«C,N„ KSCN— some of these or others as suggested 
by the results obtained) may be added and the character of typical compounds of the 
metallic component noted. The formation of white compounds is best detected by 
placing the drops on a dark suiface. This together with the film test and match test 
are some of the methods of microchemlcal analysis. 
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QUALITATIVE ANALYSIS. 
THE BASIC ANALYSIS. 



Oroap Separations. — The following scheme indicates the manner in which 
the base-forming elements are divided into groups, the members of which are 
individually separated and identified subsequently. In the solution to be 
analyzed, certain of the following list of kathions are present. Any changes 
caused by the addition of reagents, such as the removal of certain ions by 
precipitation in the form of insoluble salts, are indicated by the scheme. 



-*+ ■»-*+++ ++ 



Ag, (Hg)„ Pb, Bg, Bi, Cu, Cd, As, As, Sb, Sb, Sn, Sn, Al, Cr, Fe, Fe, 
Co, Ni, Mn, Zn, Ba, Sr, Ca, Mg, Li, Na, K, (NHJ- 



HCl, i. e., CI, forms Group I, Div. A. 
AgOl, (HgOl),, PbOl,. 



**+ •H.i-4~^ 



Pb, Hg, Bi, Cu, Cd, As, As,^ Sb, Sb, Sn, 
Sn, Al, &, Fe, Fe, Co. Ni, Mn, Zn, Ba, Sr, 
Ca, Mg, Li, Na, K, (NH,)- 



H,S, i. e., S, forms Group I, Divs. A and B. 
PbS, HgS, Bi,S., OnS, OdS, As,S., 
A8,S., Sb,S„ Sb,S„ SnS, SnS,. 
(NH.),S.xS gives a— 
Res. — Group I, Div. B. 

PbS, HgS, Bi,S„ OttS, OdS. 
Filt.— Group I, Div. C. 
(NH,).AsS., (NHJ.SbS, 
(NH.),SnS.. 
HCl, r. e., II, forms Group I, Div. C. 
Ab,S„ Sb,S,. SnS,. 



NH,(C,H,Oj) and boiling forms Group II. 
A1(OH),(0,HA). Cr(0H),(0,H30,), 
Fe(OH),(0,H,0,). 



Al, Cr, Fe, Co, Ni, Mn, Zn, Ba, Sr, 
Ca, Mg, Ld, Na, K, (NHJ. 

.*• 
Boil^with HNOj^ 
''M, Cr, Fe, Co, Ni, Mn, Zn, Ba, Sr, 
CX Mg, Li, Na, K, (NH,). 



Co, Ni, Mn, Zn, Ba. Sr, Ca, Mg, 
I Li, Na, k, (NH.). 



(NH.),S, t. e., S, forms Group 111. 
Cos, NiS, MnS, ZnS. 



; Ba, Sr, Ca, M<?, Li, Na, K, 
! (NH.). 



(NH.),CO„ I. e., CO,, forms Group IV 
BaCO,, SrCO,, CaCO,. 



Mjr. Li, Na, K, 
(NH,). 



IINa,PO„ 1. p., P(),, precipitates (one metal only of) Group T'. Li. Na, K, 

Mg(NH.)PO.. (NH.). 
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SPECIAL TESTS. 

Certain base-forming substances, such as ammonium and iron, are introduced 
as reagents into the solution to be investigated during the course of the analysis. 
Others, originally present in one condition, are likely to be changed, i. e., oxidized 
or reduced, during the process. It is necessary, therefore, to test for the presence 
and condition of certain substances before beginning the systematic Basic Analysis. 



Test for Ammonitun, (NH.). 

Heat a small portion of the original dry substance •with dry.C!a(OH),, or add 
to a small portion of the original solution NaOH or KOH until the solution is 
strongly alkaline and boil. The liberation of pungent fumes of ammonia, NH„ 
which turn moist red litmus-paper blue, indicates (Nn,). (See page 76.) 



Test for the Presence and Condition of Iron, Fe. 

(1) Acidify a small portion of the original solution with HCl and add a drop 

ofK.(re = CA)- 

Dark blue prec., Fe,(Fe = 0^,)„ indicates Fe, present in the trivalent or 
ferric condition. 

(2) Acidify a small portion of the original solution with HCl and add a drop 
of K,(re™C^,) solution, freshly prepared by dissolving a small crystal in 
water. Dark blue prec., Fe,(FesO^,)j, indicates Fe, present in the bivalent or 
ferrous conditiop. (See page 227.) 



Test to Determine the Oondition of Tin, Sn. 

Acidify a small portion of the original solution with HCl, filter, if necessary 
to obtain a clear solution and add a few drops of HgCl,. (See page 110.) 

White prec, (HgOl),, which may turn dark on standing, Hg, indicates Sn, 
present in the bivalent or atannotis condition. 

If tin is found during the Basic Analysis and no prec. is obtained here, it must 
be present in the tetravalent or stannic condition. 
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SEPARATION AND ANALYSIS OF GROUP I, DIV. A. * 

(If HCl was used in making the solution (see page 239), proceed at once to 
the Separation of Group I, Divs. B and C^ page 252.) 

To the original solution add one-tenth its volume of cone. HCl. Shake thor- 
oughly, filter, and wash the prec. with cold water. 



Prec. 1. Group I, Div. A. 
AgOl, (HgCn),, PbOl.. 



FiLT. 1. Group I, Divs. 
B and C and Groups II- 
V. See page 252. 



Treat on the filter pap>er thoroughly with boiling water and allow the washings 
to filter through into a test-tube or beaker. 



Res. 2. AgOl, (HgOlJ,, 

Wasli thoroughly with boiling water until the 
washings no longer give a test for lead. 

Reject the washings. 

Moisten thoroughly with 2-3 ccm. NH.OH, avoid- 
ing any excess of the reagent, and wash with a little 
water. 



(^ FiLT. 3. 

Acidify with HNO.. 
White prec., AgOl, dark- 
ening in sunlight, indi- 
cates Ag.* 



Res. 3. Hg^,CL 

Black coloration indi- 
cates Hg. 

Treat on the filter 
paper with a little warm 
aqua regia and wash into 
a test-tube. (Filter if 
necessary to remove any 
AjfCl or 'filter fibre.) To 
the clear filt. add SnCl,.. 
White i)rec., (HgCl),.' 
or dark. Hg, coiifinns 
Hg. 

* If no iiiiliciition of the prcsocco of Ag is otitnineil Iuto ami .1 l>Iackoning indi- 
cating mercury was noted in the proper place, it in safest to test the Hg prec. for Ag 
also. After treatment with aqua regia. any Ag present will be in the form of the 
i-hlorid which may 1h> filtered off (see treatment of Res. 3) and its solubility tested in 
NII,On, KCX or XaAO,. 

t A few (Imps only, as an rxi-<"<s. will funn the soluble double salt, KiPbl, (see 
I>agc 145). 



I /ft FiLT. 2. 

I Divide into three por- 
: tions. 

I A; Add 2 or 3 drops 
I K,CrO,. Yellow prec., 
; PbOrO^ soluble in 
j NaOH, indicates Pb. 

B. Add H,SO. and 
', allow to stand for a 
' few minutes if necessary. 
[ White prec, PbSO., 
! soluble in NaOH, indi- 
cates Pb. 

C. Add KI.+ Yellow 
si>an<rles, Pblj, .soluble in 
hot water, reerystallizing 
on cooling, indicate Pb. 
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DISCUSSION OF THE SEPARATION AND ANALYSIS OF 
GROUP I, DIV. A. 

The separation of Qroup I, Div. A from the salts of other metals which may 
be present in solution depends on the relative insolubility of the chloride of these 
elements and the solubility of other chlorids. The separation is not exact, how- 
ever, since PbCI, is very appreciably soluble and will not be precipitated at all 
from solutions containing one per cent, or less of fhe Pb salt. For this reason Pb, 
if present, will always be found in Group I, Div. B but may not be detected in Div. 
A. On the other hand, the oxychlorids of Sb and Bi (SbOCl and BiOCl) are 
quite insoluble and may be precipitated by a small amount of HCl. These salts 
will dissolve in an excess of acid, however, hence the reason for adding cone. HCl 
to the extent of one-tenth the volume of the solution. 

Mercury as well as Pb may be found in both Divs. A and B of Group I. The 
chlorid formed by the mercuric ion, Hg, is soluble, hence salts of mercury in the 
divalent condition are separated from the univalent mercurous compounds, for 
the chlorid formed by the mercurous ion, (Hg),, is highly insoluble. 

Tbe solubility of PbCl, in boiling water offers an easy means of separation 
from Ag and Hg in the lower condition, the chlorids of these metals being prac- 
tically insoluble. Under c«rtain conditions, the prec. of (HgCl), is so finely 
divided as to wash through the filter paper to some extent and give a cloudy filt. 
If Pb is absent, or present in small amount only, a reddish coloration due to 
HgjCrOj may appear on adding the CrO, ion. Since the Hg salt is insoluble in 
NaOH or KOH, it may be distinguished from the Pb salt which dissolves readily 
with the formation of an alkaline pluuibite solution containing the ion PbO,. 
(See page 144.) < 

The formation of complex ions on treatment with NH^OH jj the basis of the 
separation of Hg and Ag, since the compounds formed by thi'on Ag(NH,)3 are 
soluble while compounds formed by (Hg)^H, are insoluble. Salts of this latter 
type decompose immediately into metallic Hg and compounds containing the 

radicle ( — Hg — N< fl j . Since the Ag ion, and more readily the Ag(NH,), ion, 

is reduced to the metal by Hg, in the presence of a large amount of the Hg salt 
a small amount of Ag salt may be entirely decomposed in this way and remain 
as metallic Ag in the black residue. A large excess of NH,OH is to be avoided, 
therefore. The mercury compound may be decomposed and the metal driven off 
by igniting in porcelain under a hood, after which the Ag may be dissolved in 
HNO, and tested for in the usual way. Or, the black residue may be dissolved in 
■qua regia, by the action of which all Hg, both free and combined, is oxidized to 
HgCl,. This may be separated from the insoluble AgCl by filtration (see foot-note 
on opposite page). Stannous chlorid, SnCl^ being a strong reducing agent, re- 
duces HgCl, first to white (HgCl), and finally to Hg whieh in finely divided 
condition is black. 

Should Filt. 3 be milky, it is probably due to the fact that all PbCl, was not 
washed out of Res. 2. With NH.OH, PbCl, forms a basic chlorid which is very 
apt to run through the filter. It will dissolve in HNO„ however, hence wiU not 
interfere with the test for Ag. 
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SEPARATION OF GROUP I, DIVS. B AND C. 

Dilute Filt. 1 with an equal volume of water, warm and pass H,S until precipi- 
tation ceases. Filter and test a portion of the filt. by diluting with three volumes 
of water and again passing H,S. Should precipitation occur again, dilute the 
whole filt. and pass H,S again until precipitation is. complete^ Filter and wash 
with hot water. i'-'-- '^ ■•(? ■ >' Cj '^" 

Prec. 4. Group I, Divs. B and C. \ Fii/r. 4. Groups II-V. 

HgS, PbS, Bi,S0 OnS, CdS, Sb,S„ Sb,S„ A8,S„ Boil out H,S* imme- 

A8,S„ SnS, SnS, (Aii,S., PtS,). | diately and treat as di- 

Puncture the filter paper and wash the prec. j reeted on page 260. 
into a test-tube or small beaker with 5-10 ccm. of yellow ammonium sulfid, 
(NH,),S. X S. Warm, filter and wash. 



Res. 5. Group I. 
Div. B. 
Analyze as directed on 
page 254. 



Filt. 5. Group J, Div. C. 
Acidify with HCl and filter. 

Prec. 6. Group I, Div. C. Filt. 6. Reject. 

Ab,S„ Sb,S., SnS^ S, 
(Au,S„ PtS,). 
Analyze as directed on page ' 

256. : 

DISCUSSION OF THE SEPARATION OF GROUP I, DIVS. B AND C. 

The separation of Group I from the other groups of metals which may be 
present in solution dejiends on the fact that the sulfids of Ag, Ilg, Pb, Bi, Cu, Cd. 
As, Sb and Sn are relatively insoluble in water and dilute acid. The sulfide of ' 
Group II and of Mg are hydrolyzed completely in aqueous solution with the 
precipitation of hydroxids insoluble in water but soluble in dilute acid. The 
sulfids of Group III are either soluble in dilute acid or their precipitation is 
prevented by it. The sulfids of Group IV and V are soluble. Hence, in the 
presence of dilute acid, only the sulfids of Group I are precipitated. 

The metals of Group I, Div. A are not ordinarily precii)itated as sulfids, how- 
ever. Because of the relative insolubility of the chlorids of Ag, Hg(ous), and 
Pb, Div. A is separated after the addition of HCl and before the addition of the 
sulfid ion. ConsequentlJ''Divs. B and C only are ordinarily precipitated as sulfids. 

Since H^S is a reducing agent, if oxidizing agents be in-eseiit in solution, an 
interaction will take place resulting in the oxidation of II.S to H^O and S. or to 
H,SO,. Under these circumstances sulfids are precipitated only after all oxidizing 
agents have been reduced. If present in considerable amounts, the products of 
this reaction, mostly S, may lead to difTiculties and cause confusion in the analysis 
of the precipitate. 

Hence it is better to remove any oxidizing agent before beginning the analysis 
as directed on page 230. If present in small amounts only, tlipy will not interfere 
but may give an indication of some of the elements i)res('nt. A pink or purj)lc 

* The point at which H,S has been entirely rcinovcil is imlioatoil l)y the fact 
th.1t a filter paper, inoistcneil with Pb(C3H30.j)j and held in the vapor from the solution, 
is no longer blackened. 



THE bask: ANALYSIS. 253 

solution of a pernmiifrannte is blpaclied as tlie H.S eiitere. An oran{::c chroniate 
solution is tunied green and S is precipitated. However, if Pb is present in small 
amounts only, the formation of PbSO, from tbe oxidation of II.S may cause some 
difficulty. In this case, Kes. 7 should be tested for Pb as well as Ilg. 
..y ■ The suHlds of Div. C, especially the As sulfid-s, may be most satisfactorily pre- 
A cipitaled in the presence of considerable acid. This ])i-events the formation of 
'; soluble salts of the thioaeids and of colloidal precii)itates at the same time. 
Hence it is better not to dilute Filt. 1 too extensively before passing; H^S. 
On the other hand, PbS is soluble in fairly stnmg HCl and CdS in a concentra- 
tion greater than 4 per cent. The pre<'ipitation is made in a hot solution to hasten 
the reactions and prevent colloidal precipitates which suUids as a class .show strong 
tendency to fonn. The final dilution and testing of the tiltrate as directed is 
e!!sential to insure the i)recipitation of CdS which, if not removed here, will 
come down with Group HI. Thorough washing of Prec. 4 is necessaiy to remove 
members of other groups, as otherwise Al or Fe may interfere with the test for 
Bi as indicated in f<w)t-note on i)age 2.'54. 

It is absolutely necesssary that Filt. 4 be boiled free from H^S inunediately, 
for otherwise, the oxygen of the air will convert it into H^SO, and cause the 
precipitation of sulfates of Group IV (Kes. 21). 

The separation of Divs. B and C from each other depends on the solubility of 
the sulfids of Div. C in alkaline polysulfids and the relative in.solnbility of the 
sultids of Div. B. Annmmium ]H>lysultid, (N1I,).^S. x S, gives the sharpest 
separation but even this is not exact, for if a large excess of the reagent is wed, 
CuS may be dis-solved in part and pass into the filtrate to intci-fere with the test 
for Sb. (See foot-note, page 236.) 

Colorless alkaline sulfids of the type, (NHJ.S dissolve ASjS^, Sb,S, and SnS, 
to fonn soluble thioarsenates, thioantiuumates and thiostannates (see pages 164, 
. 160, 141) and As,S, and Sb.S, will dissolve in the same reagent, forming soluble 
thioarsenites and thioantimonites. Stannous sulfid, SnS, does not form a corre- 
si)onding thiostannite, however, and will not dissolve m colorless (NH,),S. For 
this reason it is neces.saiy to use the yellow polysulfid, (NH,)jS. xS. The addi- 
tional S in compounds of this type oxidizes SnS to SnS^, which then dissolves 
'' to form the thiostannate. At the same time, the sulfids of any trivalent As or Sb 
present are oxidized to the pentavalent condition, thus furnishing an example of 
ihe oxidizing action of S. 

Whether any of these thioacids are capable of existence in the fi-ee state is 
very questionable. At any rate they decompose immediately into H,S and the 
metallic sulfid (for reactions see page 165). Consequently on acidifying a 
solutiim of their salts, As,S., Sb,S, and SnS. are precipitated. Even if present 
originally in the lower condition, after oxidation by the polysulfid, only the higher 
sulfids are precipitated on acidifying. 

Inasnnich as all polysulfids separate free S when treated \rith acids (see 
page 184), some precipitate is always obtained in this place whether Div. C be 
■ present or not. The sulfids of these elements are deep yellow or orange in color 
and are flo<'culent in character, while the precipitated S is usually straw-colored, 
very finely divided and does not tend to gather together to any great extent, giving 
rather a milky solution which passes through a filter. 
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ANALYSIS OF GROUP I, DIV. B. 

Res. 5. From page 252. Group I, Div. B. HgS, PbS, Bi.S„ OnS, CdSt 

Puncture the filter paper and wash the res. into a test-tube with 5-10 ccm. 
water. Add one-half its volume of cone. HNO, and boil for two or three minutes. 
Dilute with an equal volume of water and filter. 



Reb. 7. 

Black HgS 
or white 
HgS.Hg(NO.). 
or possibly 
PbSO.. 

Dissolve in 
a small 
amount of 
aqua regia, 
dilute, boil 
to ^move 
phlorin and 
filter. To the 
flit, add ' 
SnCV 

White prae., 
(HgCl), or 
dark, Hg, 
indicates 
the presence 
ofHg. ' 



FiLT. 7. Add a few drops of cone. H.SO, and evaporate until 
dense white fumes of SO, appear. Cool, dilute, and, if the solu- 
tion is not.distinctly acid, add 2-3 ccm. 11,80^ and filter. 



Res. 8. 
AVhite 
PbSO.. 

Confirm 
by dissolv- 
in a few 
drops of 
NaOH. Add 
K,Cr0, and 
acidify 
faintly with 
H(C,HA) 
Yellow 
prec, 
PbOrO,, 
indicates 
Pb. 



! FiLT 8. Add NH.OH until solution is alka- 
I line and filter. 



Prec. 9. 

Wliite* 
Bi(OH),. 

Add a few 
drops of dil. 
HOI to the 
prec. on the 
paper and 
allow to filter 
throuprh into a 
beaker of 
I water. 

I Wliitp prec. 
BiOCl indi- 
cates Bi. 

Or, wanU 
, prec. on the 
filter and add 
a few drops of 
Na,SnO,.+ 

Dark color- 
ation, BiO, 
indicates Bi. 



FiLT. 9. Blue solution indi- 
cates Cu. If Cu is indicated, 
test for Cd as in B (1). 

If no color appears, divide 
filt. Test one portion for Cu 
as in A, and another for Cd as in 
B (1) or B (2) according as Cu 
is or is not indicated in A. , I 



A. Acid- 
ifv with 

H(C^A) 
and add 

K.(Fe=r,N.). 
Mahofraiiy- 
I colored prec, 

.Cu,(re = CX) 
indicates Cu. 



2. 

B (1). If Cu 
is indicated, add 
KCN somewhat 
in excess of the 
amount nccessai-y 
to cause the Idiic 
color to disap- 
pear. Pass H_R. 

Yellow proc.,:j: 
CdS, indicates Od. 

(2) If Cu is not 
indicated, acidify 
liliflhthi with HCl 
and pas.s ir.S. 

Yellow i^rec, 
CdS, indicates Cd. 



• Somotimos sliglitly coloroil lirowii t>y traces of Fo(OTn, if Prec. i is not tlior- 
oughly waahctl. For tlic same reason a sliglit wliite i>rec. which will not give ooiifirma- 
tory tests for Bi may bo A1(()H )~. 

t So<liuni stannitc (Na-SiiO/) solutions must Im? freshly |irc]iari"'l each time just 
previoualy to using. A few drops of Sn(^l, solution are treated with NaOH or KOII 
with vigorous shaking until the prec. first formed jvnt rxlisnolves, thus avuiding iniy 
cxcess of alkali. (Sec page IHS). ) 

t If a dark prec. falls, it is due to traces of.Pb or Hg and jiossiMy Mi Imt is not 
due to Cu if suffici<uit Kf'X has l)een added. Filter off the prec, puncture the paper and 
wash into a test-tube, with 10 ccm. water. Add 2 ccm. cone II.SO,. boil and fdter. 
Dilute the filt. with'%n cijual volume of water and pass HjS, neutralizing jiart of the 
acid present with NII,t)H if necesssiry to liring down a prec Yellow prec, CdS, 
indicates Cd. 



THE BASIC ANAtitBia 255 



DISCUSSION OF THE ANALYSIS OP GROUP I, DIV. B. 

Although the sulflds of Div. B are not caused to pass into sohition by the pres- 
ence of the II inn, with the oxceiition of IlgS they do dissolve in dilute HNO, be- 
cause of its oxidizing action. The separation of Hg from the other members of 
this Div. de|)euds upon this fact, yet it may sometimes be not altogether exact. 
Some of the complex Hg salts, at first i)recipitated by HjS from acid solutions 
(see page 108), are soluble in UNO, and, if not entirely changed into the simple 
HgS, will cauiie Hg to pass into Filt. 7 to form a black precipitate later and inter- 
fere with the test for Cd. Treatment with (NIIJ^S. x S insures complete trans- 
fonnation of these intermediate Ilg comjtounds into HgS. If, for any reason, the 
regular separation of Divs. B and C by means of this reagent is omitted, it is 
advisable to moisten the precipitated sulfids with a little diluted (NHJ,S x S. 

The oxidation of these sulfids by means of HNO, results, for the most part, in 
free S but some IIjSO, may be formed, especially if the acid be .stronger than 5N 
(i. e. 3 ccm. cone. HNOj to 2 ccm. H,0), or if the boiling be ])rolonged. Either 
cause may precipitate some PhSO, which may jremain with the HgS residue. 

The sei)aration of Pb depends on the fact that its sulfate is the only one 
of this Div. relatively insoluble. Inasmuch as PbSO, dissolves very appreciably 
in HNOj, it is necessary to remove the latter to get even an approximate separa- 
tion. The B. P. of cone. HNO, is 120° ; the fimiing point of H,SO. about 2.i0°. 
It is fairly certain, therefore, that all 'HNO, will have been removed when the • 
solution has been heated until dense fumes of SO, ai)pear. Even after this 
treatment, however, traces of Pb may be found in Filt. 8 which may darken 
jljp nrpoj'jitale of (MS later in the analysis. 

The sepiiri' lorTof Bi from Cu and Cd depends upon the fact tliat in the 
presence of NII.OH, Bi(OH), is precipitated whereas Cu and Cd form complex 
annnonia ions, the compounds of which are soluble. The insoluble Bi(OH), is 
transfonned by HCl into soluble BiCl, which, on being largely diluted, partially 
hydrolyzes and precipitates BiOCl as a faint white cloud. More than a very 
few drops of IICl must be avoided, since the ])reseuce of even a small con- 
centration of H ions ])reveiits the fonnation of this precipitate. For the dis- 
cussion of the confinnatory test for Bi, see page 171. 

The soparatif)n of Cu from Cd depends upon the relative stability of the 
complex cyanid ions, the formation of which is indicated by the bleaching out of 
the blue color due to the i(m Cu(NHj)^. The (CuC,NJ ion is very stable while 
the (\1C,N, ion is decomposed by H,S with the ])i«cipitation of CdS. For 
furtiier discussion of this s4!paratiou, see pages 81 and 84. 

Very minute traces of black sulfids other than Cu may darken the CdS 
precii>itate so as to leave the lost indefinite. Since, however, CdS is the only 
sulfid of this Div. soluble in boiling ON II,SO, (i. e., 1 ccm. cone. H,SOj to 
5 ccm. HjO). a thoroughly salisfactoiy separation may be effected by this 
reagent. From the filtrate jture yellow CdS may be precipitated by pasBing 
H.vS and neutralizing i)art of the aciil with a few drops of NH^OH. 

Copper ]>resent in amounts too small to give a satisfactory blue color with 
NH.OIl may frequently be detected by means of the ferrocyanid ion, (Fe = C.N,),- 
which, with the Cu ion, gives a reddish precijiitale of great intensity of color. 
If Cd be present, white ('d,,(Fe = C„Nj will be precipitated which may dilute 
the color given by traces only of Cu so that the precipitate appears flesh-<Mlored. 
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ANALYSIS. 



GROUP I, DIV. C. 



a'^ 



Pkec. 6. Prom page 252. d>wilp I, Div. C. A8,S„ Sb,S,, SnS,(Aii,8^ PtS,). 



FiLT. 10. Divide into two portions. 



Puncture the filter and wash the prec. into a test-tube with about 10 ccm. cone. HCl, 
dilute with half its volume of water, boil until HjS is entirely removed and filter. 

Res. 10. A8,S, (Aa,a., PtS,). 

A. // the res. is yellow, ». e., 
contains no Au or Pt. Wash 
the prec. on the filter until the 
washings give no test for the CI 
ion.* Puncture the filter and 
wash the prec. into a test-tube 
with 5-10 ccm. HNO. and boil 
thoroughly, evaporating nearly 
to dryness at least twice, replac- 
ing the liquid evaporated by 
HNO,. Boil out the res. from 
the last evaporation with 5-10 
ccm. water. Add AgNO, and 
shake thoroughly. Carefully 
add to the test-tube 2-3 ccm. 
NH.OH without shaking. 

Formation of a chocolate 
prec., Ag,A80„ in the neutral 
ring between the acid and alka- 
line solutions indicates As. . 

B. If Res. 10 is dark, i. e., 
probahh) contains Au or Pt, 
proceed as directed on page 258. 

• Acidify 5 ccm. of the wnsliings with HNO, and aild a drop of AgXO,. White 
pree. or cloudini>s!<. AgCI, indicates the CI ion. 

t The most satisfactory results may be obtained by keeping tlie contact of the 
metals outside of the solution to be tested. This may be readily accomplished liy 
bending a strip of Zn into the form shown in Fig. 1. By placing the solution to be 



A. Make a little 
galvanic couple by 
bringing into contact 
a piece of platinum 
and another of zinc.f 
Immerse the metals 
in one. portion of 
Filt. 10 to which an 
equal volume of cone. 
HCl has been added. 

Black deposit 4 
metallic Sb, on the - 
platinum electrode 
indicates Sb. 



B. To the second 
portion add 3 or 4 
iron nails (not 
tinned) and allow the 
action to go on for 10 
to 15 minutes or until 
the solution is color- 
less, keeping up a 
steady evolution of 
hydrogen by the addi- 
tion of cone. HCl if 
necessary. Filter the 
solution into a test- 
tube containing a 
clear solution of 
HgCl.. 

Wliite prec., 
(HgCl),, or dark 

Sn. 



r\- 



KiG. I. 



^ 



V\r.. 2. 




I-K.. 3- 

tested in a platinum crucible cover or small crucible made with a projecting edge for 
holding with pincers (Pig. 2). the contiict may be easily made as .shown in Fig. 3. The 
Sb is dcpositetl on fhe inside of the Pt crucible which thus becomes the negative elec- 
trode. 

I Although a he.ivy black de|)()sit on the platinum always indicates Sh, a light stain 
may he due to Cu if this element is j)resent in the original solution. f.'uS is somewhat 
soluble in large amounts of yellow ammonium sulfid and, if dissolved, will appear on 
the platinum at this point. 

If the stain is light and Cu is known to be present in the original solution, dis- 
solve the stain by warming with a few drops of IINO, and make the solution alkaline 
with NH.OH. If a blue color does not develop, the stain indicates a small amount of 
Sb present. If a blue color does appear, make faintly acid with IK'l and pass U.S. 
Treat the precipitated sulfids with NajS, filter and acidify with IK'l. Orange prec, 
Sb,S„ indicates Sb. 
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DISCUSSION OF THE ANALYSIS OF GROUP I, DIV. C. 

The separation of As (and of Au and Pt, if present), from the other mem- 
bers of this Div. depends on the insohibility of the snlfids of these elements in 
HCl and the solubility of Sb,S, and SnS.. The acid must be fairly strong in 
order to remove completely Sb and Sn, yet, since boiling is necessary to remove 
H.S, long treatment with cone. HCl is likely to dissolve a portion of the As, also. 
The strength prescribed, about 8 N HCl, should be carefully followed, therefore, 
in order to obtain satisfactory ^-esults. 

The separation of 8b from Sn depends upon the different action of HCl upon 
the two metals. By bringing into contact Pt and Zn and placing them in a 
solution of a salt, a difference of potential results and an electric current is said 
to flow. Any metallic ions in solution travel in the direction of the positive 
electricity and will be deposited on the Pt giving up their charges and passing 
into the metallic condition. Antimony is only slowly attacked by hot cone. HCl 
while tin is readily acted upon. Hence Sn dissolves as rapidly as it is deposited 
and Sb alone remains. If, however, the concentration of the acid falls, Sn may 
be deposited as a gray crystalline mass either on the Pt because of the electric 
current or on the Zn because of the p:rcater tendency of this metal to pass into 
the ionic condition. The smooth black dcjiosit of Sb is not likely to be confused 
with the gray crystals of Sn. The latter will dissolve in a few moments on adding 
cone. HCl, leaving the Sb indication. A slight stain of Sb, if moist and exposed 
to the air, may disappear in a short time owing to oxidation. 

In another i)ortion of Filt. 10, Sn may be detected by reducing it to the 
stannous condition. The color of the solution offers some indication of the prog- 
ress of the reaction. A yellow color is due to ferric salts; ferrous salts are 
nearly colorless. Since stannic salts are somewhat more difficult to reduce than 
ferric salts, it follows that the reduction is not complete as long as the solution 
shows any yellow color. Aside from stannous salts, no substances able to reduce 
luercuric chlorid to the lower chlorid or to the metal will be present in this solu- 
tion. Stannous chlorid has already been used as a reagent for detecting the pres- 
ence of mercui-y. Mercuric chlorid is now used as a reagent for stannous salts 
and, if a reduction takes place on adding HgCl,, it indicates the pi'osenee of Sn. 

Both PtS, and Au,S, are almost black iu color, hence if Res. 10 is not dark, 
neither Pt nor Au can be present. It is only necessary in this ease to oxidize As,Sj 
to HjAsO, (see page 50). Arsenic compounds in general are easily oxidized but 
the S which is always present in excess from the decomposition of the polysulfid 
rendere the oxidation in this case somewhat more diffcult by mechanically protect- 
ing the As from the action of the acid. Hence it is necessaiy to evaporate to dry- 
ness once or twice to insure oxidation. With the Ag ion the AsO, ion produces a 
chocolate-colored precipitate which is extremely soluble in acid and in NH,OH. 
Hence it can be precipitated only from distinctly neutral solutions. This is 
readily accomplished by floating on the top of the slightly acid solution a little 
dilute NH.OH. A neutral zone will form between the two layers and on the line 
of contact the colored precipitate will appear. 

Unless Res. 10 is washed free from HCl, the test for As may be obscured by 
the precipitation of AgCl. If such is the case, make the solution slightly acid with 
HNO, and filter until clear. Upon the acid filt. float NH.OH, adding more AgNO, 
if necessary, and look for the indication of As on the line of contact. 

18 '^ 
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QUALITATIVE ANALYSIS. 



ANALYSIS OF RESIDUE 10 WHEN GOLD OR PLATINUM MAY 

BE PRESENT. 

B. If Rea. 10, from page 256, is dark, ». e., probably contains Au or Pt. Punc- 
ture the filter and wash into a test-tube with 10-15 ccm. {NH,),CO,. Shake vigfor- 
ously for a few minutes, filter and wash. 

Res. 11. Ati,8^ PtS,. 

Dissolve in as little aqua regia as pos- 
sible and evaporate to dryness to remove 
excess of acid. Boil out with 15 ccm. water 
and divide into three portions. 



A (1) Add a few 
drops of a freshly pre- 
pared FeSO, solution. 

Dark prec., metallic 
An, indicates Aa. 

A (2) DUute to 60 
ccm. Add a single drop 
of SnCl, and a drop or 
' two of SnCl,. 

Purple or brown color, 
metallic An, indicates 
An. 



B. Add 
5-10 drops of 
KCl and a 
volume of 
alcohol twice 
as great as the 
solution. 

YeUow 
prec., K^CItf 
indicates Pt. 



FiLT. 11. Make faintly acid 
with HNO„ pass H,S if necessary 
to obtain a prec., filter and wash. 



Prec. 12. 

Yellow prec., 
indicates As. 
To confirm, 
treat as Res. 
10 as directed 
under A, page 
256. 



FiLT. 12. 
Reject. 
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DISCUSSION OF THE ANALYSIS OF RESIDUE 10 WHEN GOLD OB 
PLATINUM MAY BE PRESENT. 

If either Au or Pt be present in appreciable amounts, Res. 10 will be dis- 
tinctly dark in color, for the sulfids of these metals are black. A slight darkening 
of the normal yellow color of Res. 10, however, may be due to sulfur which sepa- 
rates when the ammonium polysulfid extract is acidified and which, under these 
conditions, is often somewhat discolored. 

The separation of As from Au and Pt depends upon the solubility of the 
sulfids of arsenic in (NH,),CO„ according to the equation: 

A8,S, + 3(NH.),C0. -> (NH,).AsS. -f (NH,).A8S0, + 3C0, 

Ammonium thioarsenate and the arsenate in which only a quarter of the 
oxygen has been replaced by sulfur both decompose, when acidified, with the 
formation of As,S, which may be confirmed by the previous tests. See page 256. 

The action of aqua regia on the sulfids of gold and platinum converts them 
into soluble chlorids. The tests for gold depend upon the ready reduction of its 
salts to the metallic condition. Ferrous salts precipitate gold according to the 
equation : 

2AuCl, + 6FeS0. -> 2An + 2FeCl, + 2Fe,(S0.), 

Similarly, stannous salts precipitate gold in a very finely-divided condition, 
according to the equation : 

2AuCl, + 3SnCl, -♦ 2Aa + SSnCl. 

This precipitate, known as the " Purple of Cassius," always contains some 
stannous oxid, SnO. 

The platinic chlorid, PtCl^, formed by the action of aqua regia upon PtS^ 
unites immediately with the HCl present in the aqua regia mixture to form hydro- 
chlorplatinic acid, H^tCl,. The potassium salt of this acid is somewhat soluble 
in water but much less so in alcohol and, on the addition of the latter reagent, the 
yellow precipitate, K^tCl„ falls, indicating Pt. (See pages 74 and 235.) 
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QUALITATIVE ANALYSIS. 



DETECTION OF INTERFERING SUBSTANCES. 

Evaporate a small portion of Filt. 4 to dryness in a small evi^orating dish 
and desiccate at 110°-120°. Designate this dried res. as Prec. 13. Divide. 



A. If an in- 
dication has not 
been given dur- 
ing the desicca- 
tion, heat in 
porcelain a 
portion of 
Prec. 13 with 
cone. H,SO, 
until white 
fumes of SO, 
appear. 

Carboniza- 
tion, evidenced 
by darkening 
and " odor of 
burned sugar," 
indicates car- 
bcinaceoas 
matter. 



I Boil out the 
I B. Prec. 14. i 
: Heat before J 
K the blow- \ 



remainder of Prec. 13 with HCl and filter. 
Filt. 14. Divide into two portiom- 



pipe m a 
bead of 
NaPO..* 

An insolu- 
ble skeleton, 
SiO„ 
indicates 
H,SiO.. 



C. To the smaller portion 
of Filt. 14 add a few drops 
of cone. HNO, and evaporate 
to dryness. Boil out the res. 
with 5-10 ccm. of water to 
which a drop or two of HNO, 
has been added. 

To 5 ccm. of (NH.),MoO, |. then boil thor 
solution, add a few drops of | oughly. Filter, 
the extracted solution and 
warm slightly. 

Yellow prec, (NH,),PO.. 
12MoO„ indicates H,PO.. 

If a yellow prec. does not 
form, add 1-2 ccm. of the ex- 
tracted solution to the molyb- 
date and warm. 

If no prec. apj)ears, test all 
of tlie extract in the same 
way. 



D. To the 
lai^rer portion 
of Filt. 14 add 
solid Na,CO, to 
alkaline reac- 
tion and some- 
what in excess, 



acidify the filt 
slightly with 
H(C,H.O,) 
and add an 
equal volume of 
saturated 
CaSO, solution. 
White pre*., 
OaC.O,, indi- 
cates H,C,0,. 



I 



DISCUSSION QFTIIE DETECTION OF INTERFERING SUBSTANCES. 

Certain subst|nices interfere with the sc^paration and iletootion of some of the- 
metals. So long as the sohition is acid with HCI and a considorable concentration 
of H ions is i)rcsent. the reactions noted below do not take i)la('c. On making the 
solution aramoniacal or faintly add with acetic acid, these substances begfin to 
interfere and, therefore, must be removed before proceeding farther with the / 
analysis. A 

Organic bodies containing the hydro.xyl radicle, sudi as sugar, stardi, tartaric, '/ 
citric and other acids, prevent the i)reci])ilatiou of ferric ii'on, aluniinutn and. to 
a stnallor extent, of base-forming dironiiuni as hydroxids or basic acetates. Com- (' 
plex bodies are formed which do not separate the sini|)le metallic ions to an extent ■ 
sufficient to cause i)recipilalion. 

If silicic aci<l, lLSi()„ is present, annnonium silicate will begin to form as 

* Soiliuni niet:i|ili()S|ili!(U'. Nal'O,. is usually prepared in small aniDiiiits as neeileil 
l)v the ijinitioii of uiicrocosinic salt, H (XH4)iS'aPO,. A small loo]) of |ilatinuui wire 
is heated ami brou);lit i" contact with the microscosniic salt crystals wliich adhere to 
it. On lieatinj;, XH3 and ]I.() are driven off, leaving a cU-ar, colorless l)ea(l of Nal'O,. 
Hy pressing the hot bcail upon the sulistance to l)e testeil, a sufficient (juantity will 
adhere to >rive the reaction on heating. The skeleton of silica is more noticeable during 
the heating than subsequently, since it s|iins aliout in the bead under the inlluence of 
the blowpijic flame. (ISee ])a>;e "!<.) 
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Ens tlie solution is mnde nearly or quite alknliiie wilh (XH,),rO, or FH.OH 
the analysts of Grants II-IV, Aninioiiiun) liyilroxid is a weak hasti and 
ailieic acid one of the weakest of acids, hence the salt is completely hydroly/^cl and 
separate!: silicic aciil as a white gelatinous precipitate which is likely to be mistaken 
for aluniinutii hydroxid or other white pi-ed|)ilate. 

Phosphoric and oxalic acids fomi insoluble salts with everj- metal still present 
in solution with the exception of the alkalies. Some of these compounds will pre- 
cipitate in the presence of acetic acid hut all will fall as soon as the solution is 
made ammoniacal. Unless Ihese acids are removed, tlieret'ore, meiiihers of Groups 
II-IV may be precipitated in the wrong place in the analysis and thus introduce 
confusion. 
^L A. Most non-volatilp organic suhslniices decomjiose when heated with the loss 
^P of water and the separation of fi-ee carhon. This " earbotiiz-atiou " or " charring " 
~ may be noteil diirins; the preliniinnry evaporoliou to dr>'ness inasmuch as the 
sides of the dish ahove the liquidiisually become heated suflifienlly high to cause 
decomposition. Hot concentrated H,SO, tends to extract water and thos aids the 
I decomposition. 

B B. Silicic acid, Il.SiO,, if prcscjit in soliilion, tieconies dehydrated during the 
^r desiccation, forming (he insohihle anhydnd. SiO.. which constitutes the residue 
left after extracting with HCl. Heated in a bead of NaPO,, no reactioti takes 
place. Sodium metn-phosphate dissolves hase-foiTuing oxids with the formatiim 
of ortho-phosphatea which fuse to a clear glass but non-volatile, infusible, acid- 
forming osids, like SiOj, remain undissolved as an opaque residue, (See page 
136.) 

PC. In the present scheme of aiialj-sis, compounds containing phosphorus are 
separated and defected only after the phosphorus has been oxidized to the 
pentavak'ul condiliou atid exists as orHio-|dii)sphoric acid, H3PO,, for other forms 
do not respond to the reactions given. Evaporaliou with cone. HNOj accom- 
pli.shes the oxidation and hydration is bronghl n1)out by boiling with the dilute acid. 
The test for H,PO, depends upon the fact that in the presence of a large 

t excess of molybdic acid, HjMoO,, phosphoric acid irniles with the anhydrid, MoO, 
to fonn a complex acid. Tn the jirescnce of NH, ions, animoiiiiim phospho- 
molj-bdate, (Nnj,PO,.],25IoO,, is funned, a compound in.soluble in HNO,. This 
yellow prei'ipitate will come down slowly in the cold but slight waiToing will 
hasten its fontialion. Evt-:n mitdcrati: heating is to be avoided, however, as it tends 
to dehydrate molybdic acid and separate the straw-colored anhydjid. It Is neces- 
sary that the proportions of Mo to P be at least 12:1 for otherwise compounds 
containing less Mo will fonn wliich are soluble. Hence (he necessity of adding 
only a drop of the solution to be tested to 5 cem. of (NH,),MoO, in order to 
prevent the ])0ssibility of an excess of H,PO,, even should it be present in con- 
siderable aiiiouiits in the sohilion. The test is extremely delicate and serves to 
^m detect traces of phosphoric acid. 

^^ D. The addition of Na.CO, to the filtrate precipitates all the metals present in 
solution either as carbonates or as insoluble salts of other acids present. On 
boiling the mixture, however, the latter are all transposed into carbonates of the 

I metals and soluble sodium .salts of the acids present. By this treatment, there- 
fore, all bases except the alkalies are removed while the acids I'eraain in solution. 
The addition of a solution of C'aSO. (soluble in 500 parts of H.O) introducea 
Ca ions in such concentration that only highly Insolidile calcium salts can be pre- 
cipitated. Acetic acid prevents the formation of the phosphate, carbonate and 
similar salts and only the oxalate (stduble in 140,000 parts of H,0 and insoluble 
in acetic acid) can pi'ecipilate. 
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262 QUALITATIVE ANALYSIS. 

REMOVAL OF INTERFERING SUBBSTANCES 

A. If no interfering substances are detected, proceed with the analysis of 

Filt. 4 as tliret'ted mi page 264. 

B, If carbonaceous matter or oxalic acid, H,C,0., or both are detected, eva 
ate to drj'ness. Grind the dried residue in a tiioi-tar with 4-5 times its bulk 
solid NH,NO,. In a porcelain enieible fuse enough NH,NO, to cover tbe bottom 
and add the mixture in small portions, so regulating- the temperature as to keep 
the contents of the enicible iii a slate of gentle fusion. When quiet fusion of the 
melt mdicates that the oxidation is complete, raise the temperature somewhat to 
drive ofl most of the NH.NO,, cool and extract with hot water, adding a little HCl 
if necessaiy. Designate this solution as Filt. 15. If it is colorless (i. e., does not 
contain H,CrjO:) and is free from H,SiO„ proceed according to the directions 
for the analysis of Filt. 4 on page 2G4. If Filt. 15 is somewhat yellow in color and 
a small portion when tested according to A (2), page 266, indicates HjCrjO„ con- 
centrate to .5-10 ccm. Add an etjual volume of cone. HCl and boil to reduce the 
chromium from the acid-forming to the base-forming condition. The reduction is 
indicated by a change in color from yellow to deep green. The completion of 
the reaction may be hastened by Ibe addition of a few drops of alcohol. Remove 
most of the HC'l by evaporating nearly to dryness and dissolve in water. Deag- 
nate this solution as Filt. 16 and (if free from H.SiO.) proceed according to 
directions for the analysis of Filt. 4 on page 2ti4. 

■ C. If silicic acid, H,8iO„ is indicated, evaporate to drj-ness in the preseni 
of HCl and desiccate at 110-120°. Boil out with water and a httle HCl and ca: 
fully decant the liquid from the insoluble residue, pouring it through a filter, 
Wash the residue by deeantation with hot water and pour the washings thro 
the filter. 

Res, 17. Dry and transfer to a platinnm crucible. 
Add a few drops of IIF and about 1 ccni. of cone. H,SO, 
and heat under a hood until fumes of SO, are no longer 
given off. If an appreciable residue is left, boil out with 
HCl and pour o5 the solution through a filter. 

Res. 18. If appreciable, fuse in platinum with 3-4 
times its bulk of a murture of Na,COj and K,CO,. After 
the melt becomes clear and fuses quietly, cool and boil 
out with water. Filler. 

Res. 19. Wa^h with hot water, extract with 
HCl and filter. 



Hg- 

I 



Filt. 17. After 
addition of FUt 18, 
proceed as directed 
under Filt. 4, paga 
264. 

Filt. IS. Add to 
Filt. 17. 
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DISCUSSION OF THE REMOVAL OF INTERFERING SUBSTANCES. 

B. The removal of oxalic acid and of carbonaceous matter in geueral depends 
upon the oxidation of these suhstauces to CO, and H,0. Nitrates are very satis- 
factory oxidizing agents, under these conditions the NH, rather than the Na or K 
salt being preferable, since it introduces no metallic element into the solution. 
(Tests are made for the pi-esenee of XH^ salts Ijefore beginning the systematic 
analytiis. See page 24!;(.) During this fusion, Or (if present) will be oxidized iato 
the higher or aeid-fonuing condition. Since the separation of this element 
depends on its being in the base-forniing condition it must be reduced. This 
is accomplished by boiJing with cone. HCl, chlorin being liberated according to the 
reaction : 

H,Cr,0, + 12HC1 -^ 2CrCl, + 7H,0 + 3Cl, 

In the presence of the strong oxidizing agent, dichromic acid, HCl plays the 
part of a reducing agent (see page 49) hut it is not readily oxidized and boiling for 
80me minutes is necessary to complete the reaction. Alcohol, a strong reducing 
agent, is usually added to hasten the action (see pages 47 and 192) and la 
oxidized according to the equation : 

H.Cr.O, + 6HC1 + 3H,C,0 -^ 2CrCl, + 3H,C,0 + 7H,0 

The product of the reaction, aklehyde, H,CjO, being volatile, may be remo^-ed 
by boiling from the sohition, together with any unchanged alcohol. 

If silicic acid be present dui'ing this fusion, insoluble silicates of some o£ the 
metals present may be formed which will not be decomposed by HCl and there- 
fore require the treatment indicated under Res. 17. 

C. Silicic acid is removed from sohition by drying or desiccating at 110-120'', 
at which temperature it deiiydrales forming the insoluble anhydride, SiO,. If 
the desiccation is properly performed, silicic acid may be removed so completely 
that it will not interfere with the further analysis of the solution. If, however, 
the desiccation is imperfect, silicic acid may pass into Filt. 17, in which case 
this must be evaporated and desiccated a second time. Heating higher than 120° 
must be avoided, for, above this temperature, the SiO, first formed may react with 
metallic chlorids present to form soluble silicates and thus introduce silieic acid 
into the filtrate. 

'Ztta.01 + SiO, + H,0 -^ Na,SiO, + 2HCI 

A very satisfactory way to maintain the temperature necessary for desiccation 
and yet prevent overheating is to fan the evaporating dish wiOi a Bunsen (^ame,i 
stirring the drying residue constantly with a glass rod and breaking up any lumpe ' 
that tend to form, until s, fine dry powder is obtained. 

Silicic anhydrid and all silicates are decomposed by HF with the formation of 
volatile SiF, ('see page 135). On heating Res. 17 with HF and H,SO., all Si will 
be driven off and, if the analysis has been properly performed up to this point, 
thei-e will usually be only an inappreciable amount of material left as Res. 18. 
The sulfates of Ba, Sr and Ca may sometinies be present in consideiable quantities, 
however, having been formed, either by incomplete removal of H,S from Filt, 
4 (see page 2.j^) and its subseriuent oxidation into H^SO,, or by the decomposition 
by means of HF and H^SO, of insoluble silicates of these same metais, the silicates 
having been formed, possibly, during the fusion as indicated in B. If this be the 
case, fusion with an alkaline carbonate (vansposes them into carbonates of Ba, 
Sr and Ca and sulfates of the alkali metal (see page 09). Extraction with water 
removes the latter after which the carbonates may be dissolved by treating 
with HCl. 
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SEPARATION OF GROUP II. 



To filt. 4, freed from H,S, add a little HNO„ boil and filter, if necessary. 
Res. 21.* BaSO., SrSO., CaSO.. l Fii/r. 21. Divide into two 

Treat as directed for R^ 18 on page 262. j unequal portions. 



A. To a small portion add 2-3 ccni. NH,C1, if it is not already present in 
sufficient amount,t make faintly alkaline with NH.OH and boil. A prec. indicates 
the presence of Group II (or Groups III or IV as phosphates). If no prec. 
forms, proceed with the separation and analysis of Group III as directed on 
page 268. 

B. If a prec. forma in A, add 5-10 ccm. NH,C1, if it is not already present in 
sufficient amount.i* Add (NH,).CO, until the fii-st fonnation of a prec. indicates 
the neutralization of the solution. If the prec. whicli falls is not colored reddish- 
brown, add FeCl, until such a prec. does form on the further addition of a few 
drops of (NH,),CO,. Prevent the formation of any large amount of prec. by dis- 
solving in HCl 'after each addition of (NHJ,CO, if the prec. is not of the right 
color. When sufficient FeCl, has been added, dissolve the prec. in the smallest 
possible amount of HCl and add 10 ccm. of NH,(CjH,OJ. Pour the resulting 
deep rqifi- solution into 400-500 ccm. of boiling water and maintain the boiling 
tempenruire until a reddish-brown prec. forms. Filter hot. 

Prec. 22. Group II. Al, Or and Fe as basic acetates. [ Filt. 22.:|: Groups 
(FePO,, if HjPO, is present.) Proceed as directed on III-V. See page 
pajre 206. 208. 

* This res., if any, is due to the incomphHe removal of IIjR and its subsequent 
oxidation to II-SO,. If the analysis has been performed carefully as directed, there 
should ordinarily he no Res. 21. 

t Sufficient NH.CI will onlinarily be formed during the course of an analysis from 
the neutralization of HCl with NH.OH or (\H,),CO,. 

t Filt. 22 shoulil be free from Fe (and Al and Cr also) and when acidified with 
HCl, should give no test with K,(Ke = C,,X,) (see page 227). If Ke should Ix" indi- 
cated, the separation has not lieen sjitisfactorily performed, owing, i)roliiibly, to the 
presence of too much acetic acid, H(C.H302). Under these conditions the filtrate should 
be heated to boiling and a few drops of (XH,);CO,, added, not sulHcioiit. however, to 
j make the solution neutral or alkaline. Filler olT the prec. and add to Prw. 22. 
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DISCUSSK* or THE SKPARATION OF GROUP II. 

The separation of Group II depends on the fact that aluminum, chromium, 
and iron form basic acetates which are iiiBohihle in the prewnce of a snrall con- 
centration of acetic arid, whereas the metals of Groups III-V do not possess this 
property. For the formation of these compounds it is necessary that chromium 
be present in the trivalent base-forming condition and not Id the higher oxidized 
ocid-fonnitiK condition. Since ferrous iron does not form a basic acetate, it is 
necessary that iron be in the trivalent condition. If chromium be present in the 
original solution in the acid-foi-ming condition and iron as a ferric salt, both will 
be reduced by II.S in the presence of HCl, chromium to the trivalent and iron to 
the bivalent condition. In Filt. 4 it is necessary, therefore, to oxidize the iron 
without oxidizinc? the cliromium. Nitric acid in dilute solution aeconipHshes this 
satisfactorily. If H,S has not been prp\-Joi)sly boiled ont completely (see page 
252), it will be osidi^.ed to H,SO, by the HNO, and cause the precipitation of the 
metals of Group IV (Res. 21). 

Inasmuch as a preliminary test may indicate the complete absence of Group 
II, it is advantageous to test Filt. 21 Jor the presence of this gi-onp before pro- 
ceeding to the re^ar separation. The test as directed in A depends upon the 
fact that (he hydroxids of alnminimi, chromium and ferric iron are so little solu- 
ble in water that they may be iireeipitatpd by NH.OH even in the prwenee of 
salts of ammonium which repress the ionization of the base (see page 31). The 
hydroxids of the metals of Groups III-V, being more soluble in water, cannot be 
precipitated by NH,OH when the concentration of hydioxyl ions is redttced V^ 
the presence of ammonium salts. If H^PO. is present, however, Groups III and IV 
may be precipitated as phosphates, since the phosphates of all of the metals, 
thougli soluble in acids, are insoluble in water and ni-e precipitated as soon as the 
solution is made alkaline. Inasmuch as the basic acetate separation removes H,PO, 
as well as the metals of Oiinip II, if a precipitate foi'ms in A, the regular pro- 
cedure for the separation and analysis of firoup II must he followed. 

In order to make this separation satisfactorily, (he solution should contain 
as littli' acid as posnihle in excess of the amount neccssarj' to give an acid re- 
action. If the precipitate formed by (NH.).C'O, in B is dissolved in the smallest 
possible amount of HCl, on addition of NH,(C.H,Oj), acetic acid <and NH,C1) 
will be formed in place of the stronger HCl and on dilution to 500 ccm. the e^- 
centration of H ions will he sufficiently low to allow the acetates to bydrolyie and 
precipitate the insiiluhle basic salts. To what extent livdrulysis of the normal 
acetates of the type Fe(C.H,tl,), will take place de[.iends s<imewhat upon con- 
ditions. The coniposititm of the precipitated basic acetates varies from 
Fe(OII)(C,H,0,). to Fe(OH),(C.H,OJ- The CHralion nuist Iw'^made while 
the solution is hot to prevent a revei'sal of the reactirvn and the solution of the 
basic acetates in the acetic acid formed by hydrolysis. 

If lIjiPp, 1)6 present, FePO, ivill form in preference to apy oLbar salt , since 
it is least sohihle in water and acetic acid. This is indicated by the fact that on 
the addition of FeCI, to a solution containing phogplioric acid, slraw-colored 
ferric plios]>hale is precipitated on neutralizinfr the acid rather (ban the red 
hydroxid. Only after all tlie H,PO, present has united with the iron, does the 
hydroxid fall. That the excess of iron necessary for complete |:irecipitation of 
chixiraium (see page 194) is present is indicated by the appearance of the red 
precipitate in B. 
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ANALYSIS OF GROUP 

Pbec. 22, from page 264. Group II. Al, Or, and Fe* as basic »c«UtM. 
(FePO^ if H^O, is present.) Divide into two portions. 



A. Mix one portion of the prec. with 
5-10 ccm. water and add a little Na,0„ 
stirring or shaking the mixture to in- 
sure thorough treatment. Filter. 

A yellow filt. indicates Cr. 

Confirm by — 

(1) Acidifying carefully a portion 
of the filt. with H,SO.. A transient 
blue color, HCrO,, appearing as the 
solution becomes acid or on adding a 
few grains of Na,0„ confirms Or. 

(2) Evaporating a second portion of 
the filt. to dryness, cool, boil out with 
water, faintly acidify with H(C^,0,) 
and add Pb (C^.O.),. 

Yellow prec., PbOrO,, confirms Or. 



B. Mix the second portioil of the 
prec. with 5-10 ccm. water, add about 
half a gram of solid Na,CO, an^ nearly 
as much solid Ba(OH), and boil thor- 
oughly. Filter into a test-tube, faintly 
acidify with HCl, make just alkaline 
with NH.OH and boil until a prec. 
forms or the odor of NH, disappears. 

Light white floccy prec, AI(OH)^ 
more readily seen against a dark back- 
ground, indicates AL 

To confirm, filter and wash the prec 
into the tip of the paper. Tear off the 
tip of the filter containing the prec. 
and ignite strongly in platinum. Mois- 
ten with drop of dilute Co (NO,), and 
ignite again. 

Blue color, Oo(A10,)^ eonfirms AL 



* Special tests are made for the presence and condition of iron before beginning 
the Basic Analysis (see page 249). Since FoCU is added to the solution to insure the 
complete precipitation of Cr (and to remove H,PO„ if present), it would obviously be 
absurd to test for the presence of Fe in this group. 

V ■ 



\i 



bs^ 



U^ 



f^ 



^^ 
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A. The test for Cr depends on the oxidation of the element from the trivalent, 
base-formiiig condition iu which it is precijftated as the basic acetate, to the 
hexavalent acid-forming condition. Sodium peroxid, Na,0,j reacts with water 
to form H,Oj and NaOH, hence it is e€iui\ftleiit to HjOj in alkaline solution. 
Under these conditions the oxidation of Cr stops with the formation of an alkali 
chroniate, e. g., Na,CrO,, which gives a yellow lillrate. 



Cr(OH),.(C^.O,) +NaOH ^Or(OH). + Na(C^.O.) 
20r(0H), + 3H,0, + INaOH -^ 2Na,CrO. + 8H.0 



^^ enrol 

^P Tbe confirmatory tests depend upon two reactions of chromium in the acid- 

^^ forming condition. In acid stdution, HjO, oxidizes hexavalent Cr one step higher 

than in alkaline solution and forms a blue compound, probably HCrO,. If Na,0, 

kwas not added in sufficient quantity to form enough H,0, for this test, it may be 
necessary to add a few grains after acidifying. A large excess should be avoided^ 
however, because HCrO, and H,Oj interact as shown by the equation: 



2HCrO. + 4H.0,.-> Cr,0, -f i5H,0 + 40, 



In the presence of acid, Cr,0, will be changed into the corresponding salt of 
base-forming Cr which, of course, will not give a blue color. - \ 

In order to prevent the oxidation of NOjCrO, by H,0, on acidifying with 
H{C,H,0,) in (2), the solution is evaporated to diyness to remove all H,0„ after 
which the regular test with the Pb ion may be obtained. 

B. Tbe separation of Al from Cr depends on the solubility of the basic acetate 
of Al in boiling NaOH solution, whereas the corresponding salt of Cr, though 
soluble in the cold, is pi-ecipitated on boiling. For this i-eoetion, the NaOH must 
be prepared by the action of NajCO, on BafOH),; for the ordinai-y reagent, espe- 
cially after standing in glass bottles, alway."! contains more or less of Al or com- 
poimds of silicic acid which may he confused with it. "Wbcn made by the action of 
Na^O, on water, the same impurities are present, also, and are likely therefore, 
to vitiate tbe test. 

In the filtrate thus obtained, Al is present as sodium nluminate, Na,A10,. 

idifying with HCi and making alkaline with NH,OH effe«ts the change from 

inm almuinate, which is npt decomposed by boiling, to ammonium aluminate, 
Dm which Al(OH), may be precipitated on heating. (See pages 116 and 117.) 
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SEPARATION AND ANALYSIS OF GROUP III. 

Heat Filt. 22 nearly to boiling, make slightly alkaline with NH.OH,* add 2-3 
ccm. colorless (NHJ,S" and filter.' Test the filt." with a drop of (NHJ,S to ascer- 
tain that precipitation is complete. Wash the prec. with warm water to which a 
little NH.Cl and (NHJ^S have bei^i^ added. ^'V 

Prec. 23. Group III. O^S, NiS, MnS, ZnS^ Punc- 



ture the filter and wash the prec. into a test-tube with 



Filt. 2.3.+ Groups 
ir-V. See pa>te'2T0. 

- - ;^' — 

10-20 ccm. of NHCl.:]: Shake vigorously for .5-10 minutes to insnre'thorotieh 
treatment. If the pi-ec. is light colored, not otherwise, heat maj' be applied to 
hasten solution. Filter ajid wash. 

Res. 24. OoS, NiS. Hoat a small portion 
in a borax-bead. Blue color, 00(60,),, indi- 
cates Oo. 



Filt. 24. Boil to remove H,S, 
make alkaline with NaOH aud 

filter. .. 



A. If Co M not indicated, dissolve the iirec. 
in the lea.st possible amount of aqua regia and 
make alkaline with NajCO,. 

Green prec, NiOO,jn(OH),, indicates NL 

B. // Co is indicated, dissolve the prec. in 
the least possible amount of aqua rogia, evap- 
orate nearly to dryness and dilute to 5 ccm. 
with water. Add NaX'O, until a prec. begins 
to form-and dissolve it again in the least pos- 
sible amount of H(C,JI,0,). Add 3-2 ccm. 
of AlCl, or alum solution and a small crvstal 
of K,(Fe"C,N,) and shake to hasten its 
solution. Add rone. NII.OII c(|iial to lialf the 
volume of tlio solution, sliako tlioi-ougiilv and 
filter. 



Prec. 2.'). 
Maroon prec. 
Co,(Fe^C,N.)., 
confinn>i^p. 



Kilt. 2."). To tli<> filt. add 
a piece of .solid NaOH the 
a bean and stand 



/ 



Prec. 26. Light- 
brown prec, 
Mn(OH),, indi- 
cates Ifn. 

To confirm — 

A. Dissolve a 
small portion of 
the prec in 10-20 
ccm. HNO, and 
boil, add about 1 
gjam PbO. and 
lioil again. Stand 
|o allow sus|)ended 
inaltor to settle. 
Pink color. 
IIMnO,. indicates 
Mn. 

B. Fu.se the 
rest of the prec. 
wifli Xa.(X), and 
KN'O, in a looj) 
of jilatinuni 
wire. 

(irecn eolor. 
NaMnO,. con- 
linns Mn. 



Filt. 26. 
Acidify 
faintlv with 
HCl, add 

Na(C,HA) . 
and pass Ai 
H,S 7' 

White 
prec., ZnS, 
indicates 
Zn. 

Confinn 
by ijrniting 
the prec. on 
platinum, 
moisten 
with a drop 
of (HI. 
<"o(XO,), 
ami ijrnite 
again. 

Oreen 
color. 
CoZnO,. 
eiiiilirnis 
Zn. 



size ot 
, aside. 

Hlaek prec. Ni(OH)„ 
t'4iniiiiig about the XaOII, 
/ indicates Ni. 

It no )>rec ap]>ears on 
/ standing, boil uulil it does 

foj-ni or the odor of N'll, is 
•^•iiie. 

* Slionlil n pr -n on tin' a.lilitioii of NIf.Oir. siilliiicnt N'II,<'1 is laekin;;. 

Dissolve the prec. in M' ■ and add Nll.f'l vintil iw jirec. niipears when the .solution is 
U(;ain made alkaline. If an analysis of (ironp 111 only lie undertaken without the 
previiMis treatment to separate Oronps 1 ami II, lo 2(^ ccm. Nil, CI nnest lie uiMod to 
the sol. liel'ore the addition of Xll,()ll. In the cmnse of ;i systematic analysis this 
is not tisually neci'ssary, as NII.CI will Ue formcil in sullicient (luantity dtiring the 
previous react ion.s. 

t If J'ilt. '2'.i is lirowM, it is dne to Xi.S which is ^ionicwliat solnlih> in an exeoss of 
(XII, ).S, especially in the presence of consiileralile X1I,<)II. 8uch a coloration is an 
indication that these reagents have lieen .•iddeil in unnecessarily lar;;i> amounts. To 
clear the tilt., acidify with IK'l. make fainlly alkaline with X11,0}1 and add, if neces- 
sary, a drop or two of (X'n,):.S to brinjj ilown XiS and filter. 

t Normal IK'l may lie made l>y dilulinj; the cone, acid with 12 v<dHn!cs of water or 
the iHI. acid with 3 volumes. 
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DISCUSSION OF THE SEPARATION AND ANALYSIS OF GEOUP III. 



The 



of Co, N). Ml 



tlie facts 



Bub 



* 



» 



e aeparatron or Lo, ^). Mii and Zn as Group III depends npon the 
that the sulfiils cif thesie elements, although sf»hd)le in HCl, are insohihle in water, 
and secondly, that the hydroxids are not piTeeipitated by NH.OH in llie pi-eaence 
of NH.Cl, owing to the rejtression of tlie ionization of the weak base by its mor* 
readily (lisstx-ialirrp salts (see [va^ie 31.). For these reasons Co, Ni, Mn and Zn 
are not precipitated with the sulHds of Group I, Divs. B and C. The siiUids and ^ 
hydroxids of Groups IV and V either ^onot form or are soluble" under those /' 
conditions. 

The preeipitateil sulfidi Are washed with dilute KH.CI solutions instead of pure 
ater to i)revent the formation of vpseudq-eolut ions. toward which these Bidfida 7 
iliow a slrongr tendency. A few drops of (NH,)jS aw usually added to the NHjCI 
to prevent oxidation of uToist CoS and NiS to soluble sulfates. For this reason 
the precipitate should he washed and treated with acid as cjuiekly as possible. 

The separation of Co and Ni from Hn and 7,n depends on the relative insolu- 
bility of CoS and NiS in cold N HL'l. Traces of these elements only dissolve 
with JtnS and ZnS, not g^reat enough to interfere with tests for the latter ele- 
ments. As all the salfldg are more soluble in warm HCl, heat should be avoided 
ludess a light-colored precipitate indicates that both Co and }^i are absent. 

The detection of Co is not at all diffieult even in the presence of many times 
as tnueh Ni, the borax-bead test being exceedingly delicate. The detection of Ni 
in the presence of Co is more diffieult. Aqua rej^ia oxidizes both sulflda to sul- 
fates, thus rendei"ing them soluble. The separation by means of K,(F'e^C,NJ 
depends njnin the fact tliat in the presence of NHjOH. n soluble iiickel-animonia 
ferricyatiid is formed whereas the cobalt compound produeeil under llie same 
conditions is insoluble. The raai^oon precipitate is a cobaltoiis ferricyaoid con- 
taining amuTOuia, the proportion between the constituents apparently varying 
somewhat. The separation may be made most satisfactorily in solutions acid 
with acetic but not with mineral acids. The alnraiiinm salt is added simply tliat 
the slimy"pOj{Fe s f',N,), may be entnuf^'led in the Al(OH), precipitated by 
NH.Ori and 11ms readily filtered. The addition of NaOll to the filtrate trasis- 
pK)Bes nickelous ferricyanid into Ni(011)j and Na^tFe =C,N,). Since ferri- 
cyaniils in alkaline s<dntion act as oxidizing agents (see page 131), nickelous 
hydrosid is oxidized into nickelic bydi'oxid, Ni(UH),. 

Filt. 24 is boiled to femove H,S which, if present, would pivcipitate the 
sul/ids again on making the solution alkaline. The separation of Mn and 'An 
depends upon the fact that of the hydroxids fii-st precipitated by NaOH, zinc 
hydrosid eati be made to play the part of an acid and will diss(dve in an excess 
of an alkaline hydro.xid to form soluble zincales (see page 103). Manganese 
hydrosid wilt not act as an acid and is insoluble under the same conditions. The 
addition of HCl to the alkalme ziucate sets free ZnOJlj and tiieu causes it to 
jLhi,v the i)art_gf a base again, in which condition it may be precipitated as a 
metallic sultid. 

Boihiig with HNO, and PbO, oxidizes Mn(OH)j from the divalent ba.se-fonn- 
ing condition into the heptavalent acid-forniiiig condition, the change being 
indicated by the pink color of the solution. The tesk is very delicate and but 
little Mn ( OH ) , shonld be used as 1 gin. of PbO, will not be sufficient to osidLsa 
a large amount of the precijtitaie. 

A similar oxidation takes place on fusion with Na^CO, and KNO, biinn 
presence of alkalies proceeds only as far as the green hexavalent nxaugauates 
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SEPARATION AND ANALYSIS OF GROUP IV. 

Heat to boiling Filt. 23 (which should contain NH.Cl and be alkaline with 
NH.OH*), add 5-10 ccm. (NH,),CO„t boil for a moment, add a few drops of 
(NHJ.CO, again and filter immediately. 

Pbec. 27. Group IV. BaOO,, SrOO,, CaOO,. Treat | Fii;r. 27. Group 
on the paper with as little H(C^,0,) as will suffice to V. See pag e 2 72. 
dissolve the prec. and wash through the filter into a test-tube. Add a few drops 
of K,Cr,0, and filter. 



Prec. 28. Yellow 
prec., BaCrO^ 
indicates Ba. 

To confirm, dis- 
solve in HCl. 

A. Heat on 
platinum wire. 
Green flame con- 
firms Ba. 

B. Add an 
equal volume of 
saturated CaSO^ 
solution. 

White prec., 
Ba80« confirms 
Ba. 



Filt. 28. Make alkaline with NH.OH, heat to boiling, 
add (NH,),CO„ filter and wash until yellow color has en- 
tirely disappeared. 

Pbbc. 29. SrOO,, OaOO,. Dissolve in | Filt. 29. 
as little HNO, as possible and evaporat* I Reject, 
nearly to drsmess. Add 5-10 ccm. amyl alcohol and dehy- 
drate by boiling until tlie vapor of the alcohol will bum 
quietly at the mouth of the test-tube, taking care that the 
volume does not begome less than 5 ccm. 

If no res. is left, Sr is absent. Prec. 29 must have been 
CaOO,. Confirm by testing as directed under Filt. 30. 

If a res. is present, it indicates Sr, or possibly traces of 
Ca. Carefully decant the liquid from the res. and pour 
through a dry filter. 



Res. 30. Ignite the res. in 
the test-tube gently, cool, dis- 
solve ill a drop or two of HNO,, 
treat with .5-10 ccm. of ninyl 
alcrtliol and dehydrate as be- 
fore. 

Light colored res. indicates 
5j^ Moisten with a droj) of HCl 
and lieat on platinum wire. 

Brilliant crimson flame con- 
nrms Sr. 



Filt. 30. Dilute 
with an equal volume 
of ordinarj- otlivl al- 
cohol and add H,SO,. 

Wliite.flopcy prec. .J 
CaSO., indicates Ca. 

To conflrm, filter. 
moisten prec. with 
HCl and heat on 
phitinuni wire. 

Oranjre flame con- 
firms Ca. 

* In performing a partial analysis of Group IV alone or with Oroup V. .3-5 com. 
of NII.Cl shonlrl l>e added and the solution made alkaline with NH.OII liefore treating 
with (NH.),rO,. 

t ' 'oinmorcial (XID-CO, consists mainly of a mixture of acid ammonium carbon- 
ate and ammonium carbonate, lioth of which form soluble salts with the metals of this 
group. On heating to 00°, the carbamate is changed into the carbonate according to 
the equation: 

II.N — O U.X — O 

f • = O -I- II.O -» (' = O 

HA' H.X — O 

The TCHjOII added to the soluticm before precipitation changes the acid carbonate 
into normal carbonate and makes the solution alkaline. Were (Nir.^/'O, added to an 
acid solution, CO, would be liberated which wouM tend to form acid carl)onates. also. 

t A faint cloudiness may 1k' <lue to Sr. 
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DISCUSSION OF THE SEPARATION AND ANALYSIS Or GROUP IT. 

The separation of Group IV depends on the relative insolubility of the carbon- 
ates of Ba, Sr and Ca, even in the presence of NHjCl. Under these conditions 
Mg fonns a complex salt, (NH,) JilgCS,, which does not separate Mj? ions in 
Bufficient concentration to precipitate the carbonate when treated with (NHJ.CO,. 
The carbonates of the alkalies are all readily soluble and with Mg pass through 
into the filtrate. 

Precipitation from boiling solution and subsequent short boiling changes the 
amorphous precipitate into the crystalline form in ^rhich condition it is much 
more readily filtered. Boiliiip should not be continued lonjjer than is neces- 
sary to effect the change as, othenvise, a reversion of the reaction by which the 
carbonates were precipitated takes place, owing to the decomposition of 
(NIIJjCO, into NH,, CO.. and HjO which are boiled out of solution (see page 76). 
In this way a considerable amount of the precipitate niay dissolve making the 
separation of Group IV far from exact. The following equations sen-e to illus- 
trate this point ; 



CaCO. 



2N] 



CaCl^ (NH.),CO, -^ CaCO, + 2NH,C1 
9kn.a -» CaC!, 4- (NHJ.CO, -^ 2NH,+ CO, 



The separation of Ba from Sr and Ca depends on the fact that a solution of 
KjCr^Oj contains suDicient CrO^ ions (see page 195) to precipitate BaCrO but not 
SrCrO, or CaCrO,. In alkaline solution, the ions Cr,0, change into CrO, ions 
which may precipitate SrCrO, from concentrated solutions, hence the precipi- 
tation is made in the pre!>ence of acetic acid in which Bat'rO, is not appreciably 
tolnble. 

Before separating Sr from Ca. it is necessary to remove chromates entirely; 
'for these salts are insoluble in amy! alcohol and will remain with the Sr. Ca and 
Sr are tlierefore reprecipitated as carbonates and washed until the yellow color 
has entirely disappearfcl. Their separation depends on the fact that anhydrous 
Sr(NO,), is insoluble in boiling omyl alcohol while Ca(NO,), is soluble. Dehy- 
dration of the nitrates is readily accomplished by boiling with amyl alcohol 
because its boiling-point (12S-l,t2°) is higher than that of water. As long as 
water is present, the alcohol will boil with slight explosions and the vapor will 
not burn quietly. 

By the action of free HKO, (a little of which is always present after dis- 
soh'ing the carbonates) on amy! alcohol, certain organic a<'ids may be formed 
capable of uniting with Ca and preventing solution. Any basic nitrate of Ca, 
which may sometimes form, is likewise insoluble. Hence it is necessary to repeat i 
the extraction with amyl alcohol to be certain that only Sr remains undiB!*olved,| 
Ignition of the residue is necessary to decompose the salt of any organic acid 
into the carbonate which is then converted into nitrate by HNO,. 

Traces of Sr may dissolve in amyl alcohol and give a slight clottdhiess to the 
filtrate. Tliis wiU scarcely interfere with the test for C-a inasmuch as CaSO, 
comes down in a heavy floceulent precipitate under these conditions. Amyl 
alcohol and water are not miscible. Ethyl alcohol mixes readily with either. By 
adding an w|ual volume of the latter solvent a homogeneous mixture may be 
obtained when dilute H,SO, is added. 
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ANALYSIS or GROUP V. 
To rut. 27 add a few drops of (NHJ,SO, and (NHJC.O^ warm and filter if 



necessary. 
Prec. 31.« BaSO., OaO,0„ (SrSO,). 



FiLT 31. Divide into two portions. 



A. AddHNa^O.. White 
prec., Mg(NH.)PO., indi- 
cates Mg. ^ y 

Confirm by dissolving the 
prec. suspended in the liquid 
in the least possible amount 
of HCI, heat to boiling and 
neutralize carefully by the 
addition of NH^OH, drop 
by drop. The reappearance 
of the prec. in crystalline 
form confirms Mg. 



B. Evaporate to dryness and ignite until am- 
monium salts are entirely removed,+ t. e., "white 
fumes cease to be given off. 

(1) If Mg. was not found in A, test for the 
alkali metals as directed under Filt. 33. 

(2) If Mg was found in A, boil out the ignited 
res. with a little water, a^d Ba(OH), until the 
solution is alkaline to litmus Wnd filter. 

Prec. 32. ] Filt. 32. Add H.SO. 

until the solution is just acid 
to litmus, warm and filter. 
Fn/r. 33. Evaporate al- 
most to dryness and test for 
K, Na and Li by heating on 
a platinum wire in a Bunsen 
flame. 



32. 
Mg(OH)^ Reject. 



Prec. 
BaSO.. 



33. 
Reject. 



Examined with an ordinary spectroscope Na, if present in solution, gives a 
singrle yellow line of great intensity.:]: Li gives a crimson line a short distance to 
the left of the Na line. K gives a red line still further to the left of the Na line 
than is the Li line and a blue line far toward the rijrht end of the spectrum. See 
Table of Si)e<'ti'a. frontispiece. 

E.xamined without the aid of the spectroscope Na gives an intensely yellow 
flame, Li a carmine flame and K a violet flame.§ 

* If this proc. ia appreciable and I'rcc. 27 wa.s unsati.sfactory in quantity owing 
to the solvent action of Nll.f'l on the carbonates, Prec. 31 may be rendered soluble by 
fusion with NaX'Oj as dirot-tod on page 2li2. The melt, after extraction with boiling 
water, may be treated as Prec. 27, and examined for members of Group IV. 

t Ammonium .salts are introduceil <lurinj; the course of the analysis, hence must be 
tested for before beginning the regular analysis (see pa^'e 24ft). If Xa or K have 
been introduced in the jireparation of the stdution (see y.igo 241) or otherwise, their 
detection in Group V is without significance. Special treatment must be given in 
order to ascertain their presence. The original substance may extracted with boiling 
water or HCI and the resulting .solution tested, or, in the case of insoluble silicates, the 
method given on page 242 may be followed. 

tBccau.se of the extreme delicacy of this methoil of detection, the Xa line is ever- 
present with greater or less intensity even when Xa is not present in solution in appre- 
ciable quantity. 

I In the jiresence of Xa, the K flame is masked and cannot be detecteil with the 
unaided eye. Viewed through a jiotassios-ope (see page .'7), however, it is readily 
distinguishable. 
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DISCUSSION OF ANALYSIS OF GROUP V. 

Group V consists of those metals that are not precipitated as cblorids, sulfids, 
basic acetates or parhonates under the conditions of the analysis and are therefore j 
left together as a soluble residue after each of the preceding groups has been' 
precipitated. 

Magnesium differs in its chemical nature from the other merabei's of ttia 
group and con be separated from them by precipitation as the phosphate, for 
phosphates of the alkali metals only are soluble. This reaction for the detection 
of Mg is of value only in the absence of other metals, for every one of the metals 
considered in the present scheme of analysis will form a precipitate when treated 
with HNa,PO, in ammonical solution with the exceptions of As and Sb. Of these 
the metals of Group IV only are likely to be present in appreciable quantities, 
owing to the solvent action of NH,C1 on the carbonates of Ba and Ca especially. 
The sulfate and nxalate ions remove these metals from solution so completely, 
however, that tberc is no possibility of precipitating them as phosphates, forj 
BaSO. and CaC,0. are much less soluble than the corresponding pliospUatcs. ' 
Strontium as sulfate or oxalate is not likely to be present unless Free. 31 be very 
considerable in quantity thus indicating that Free. 27 was not brought down uuder 
satisfactory conditions. Strontium carbonate is roueh less soluble in water than 
either BaCO, or CaCO, and, therefore, is nmeh less affected by NH.Cl. 

The absence of all other metals being thus assured, any precipitate which 
falls after introducing the PO, ions must be due to Mg. Small amounts of this 
phosphate are slow in separating from supersalnrated solutions, however, but, on. 
standing over night, a crystalline precipitate will settle. If the inside of the gla 
ves,sel holding the solution be sctatcbed with a glass rod, the crystals tend to collect*' 
along the rougliened surface and may be more readily detected. 

The exceedingly close clieniical simibirity between K, Na and Li readei's any J 
.separation of these elements difficult. Fortunately, however, they may be readily' 
detected by their characteristic tlame colore. In the spectroscopic esamination, 
both Mg and NH, salts tend to make the indications less distinct and they are re- 
moved therefore. All ammouium salts are volatile and may be driven off by 
ignition. After the removal of NH,C1, Mg may he precipitated by the OH iou, 
for the introduction of which, obviously, neither NaOH, KOH or NH.OH wiU 
serve. Barium hydroxid, Ba(OH),, is used because any excess may be readilj 
and completely renjoved by the addition of HjSO,. In the resulting filtrate, after! 
concentration, the alkali metals may be readily detected speetroscopically. Inas- 
much as the spectroscope reveals the presence of e.xeeedingly minute quantities of 
these elements and suice Na salts are present everywhere as a fine dust in the air, it 
is necessary to judge carefidly the intensity of the indication in deciding whether 
or not Na salts are present in solution in appreciable qnautities. This applies to , 
the examination of the flame color with the unaided eye as well. If Na be present 
the flame will be intensely yellow and the indication wOl he lasting. 
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THE ACID ANALYSIS. 

Owing to the fact that anions show a much greater variety of reactions than 
do kathions, the Acid Analysis eannot be made as systematic as the Basic Analysis. 
The method of the Basic Analysis cannot be applied to the acids. The separation 
of the acida by precipitation into gronps from which, by further analysis, each 
individual acid may be isolated and detected can not be accomplished satisfactorily. 
The method of the Acid Analysis is, in general, to test the prepared solution for 
the presence of each acid by individual tests. By certain preliminary reactions, 
however, the presence or absence of certain groups may be indicated. The classi- 
fication is dependent mainly on the action of the Ba and Ag ions, supplemented 
by the action of certain reducing and oxidizing agents. The groups thus formed 
are not all mutually exclusive but certain acids may appear in two or more groups. 
Careful consideration of the implications of these preliminary tests and intelli- 
gent forethought will simplify and shorten the Acid Analysis verj" considerably. 



Acids precipitated as insoluble salts by the addition of the B& ion to a neutral 
solution : 

H,SO^ H,Sir„ HF, H,0.0., H.SiO., H.Cr,0„ H,00„ H,PO., H^O., 
H^0„ H,BO„ H>0., H,S.O.. H,(0.H.O,>- 

Acids precipitated as insoluble salts by the addition of the As Ion to solutions 
acidified with HNO,: 

H.(Fe » C.N.), HJPe^Ojr,), HSON, HON, H.8, HI, HBr. HCl, 
HOOl, HNO„« H(C^O,).» 

Acids not precipitated under either of the above conditions, the barium salts 
being soluble in water and tbe silver salts in dilute nitric acid : 

H(0^.0,>,' HNO„* HNO„ HCIO,, HOlO,, HMnO., HOCN. HA- 



* The silver salts of HNO, and E(C,H,0,) can be precipitated from concentrated 
solutions only. 



PRELIMINARY TESTS FOR THE PRESENCE OF ACIDS. 

(1) Acidify a portion of ibe prepared soliitiou with HCl. A prec. of (a) 
sulfur, or (b) iodiii iiidientes the presence of one or more of A or B. 



A. 
HSO,. 

Osiilizing 
agents. 

i 

HH- 

Osidiaing 

agents. 



I Filter clear aud add BaCl^. White prec. iudiciileii one or niorp otC. 

" FOter elear and boil to remove CO.. Cool. aM 

Can, and an equal volume of Na(C^,0,). Pree. 
indicates one or more of D. 



C. 
HSO,. 

H:8iP 



D. 
HF. 
B.CP,. 
HSiO^ 
HCr.O, 
if prec. is 
yellowish. 



Filter clear and make alkaline with 
Ba(OH),. Pree. indicates one or 
more of E. 



HCO 

HPO.. 

HAbO 



4.-^ 



E. 
H,AiO.. 
HSiO.. 
H30,. 



H SO,. 
HSO, 



(2) Acidify a second portion of the prrpared solutkm with HXO, and add 
AgNO,. A pree. indicates one or more of F and possibly one or mor« t>*f G, 

Absence of a pree. indieates the absence of all of F but not nr«-^»arilT »f 
all of G. • ■ • 



: 



F.— 


G.- 


H.— 


I.— 


H,(Fe^CX). HI. 


HNO.. 


H,(Pe = C^.). 


HKO.. 


H,(Fe = C.N,). HBr. 


H(C^A>. 


HB. 


HCIO. 


H8CN. HCL 




Hi 


HCIO.. 


HON, -Heet- 




HBr. 


HMnO.. 


H,S. 






HOCICr— 



If a prec. was obtained Tvith AgNO,, shake thoi-<iugl)]y to eoagtilate it mid allc 
to settle. Pour off the liquid and wash the prec. by decantotion. Treat the prec 
with dil. NH.OH and shake thorouRbly. If the prec. is entirely diesoived, no 
member of H can be present. 

(3) No prec. with AgNOj nor with BaCl, indieates the absence of all A, B, 
C, D, E and F. One or more of G or I may be present, however. 

(4) Test for oxidising acids: To 1-2 ccm. of tlie pn-parrd tuAutiom add 
twice its voltime <it' MnCl, in cone. HCl and warm gently. The appearance' of • 
dark coloration (hiijher chlorids of manganese) is due to the presence of eonw 
oxidizin;; agent. One or more of J may be present. The absence of sucli a color 
proves tlie ahisemie of all of J. 

J. HO,, HNO,, HNO„ HOCX HOIO,, HMnO,, H.Cr.O, H,(re=C^J. 
{fi) Test ff.r rcdiiciiitr acids; .Vcidify a portion of the pnparrd aoluttun 
with lIjSO, and add a single drop of dil. KMnO, solution. If color is not bleaelu<d 
after ten minutes, none of K is present. 

If color is not bleached in the cold solution, beat 
nearly to boiling. If tlie color still remains none 
of L ia present. 

If blenching does not occur ^itlier 
hot or cold, one or more of M may be { 
]iresent bnt none of K or L. 



i 



I 



H8. 




HI. 


HSO,. 




HBr. 


HSO.. 




HAsO, 


HSCN. 




HNO. 


H.(re = 


= C„N.) 


.H.o; 



r..— 

HCO,. 

, H(C.H.O.) 

M.— H.SO., H.SiF,,. HF, H SiO„ H.Cr 0„ H,CO„ HPO., HAsO 
H,(Fe«C.N,), HON, HCl, HOCl, H{C H,0,). HNO,, 



HCIO., HCIO,, HMnO,, HOCN. 
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DISCUSSION OF THE PRELIMINARY TESTS FOR ACIDS. 

While tlie salts of eertain acids ore stable in neutral or alkaline solution, the 
free ncids are unstable trnd give evirleiiee indicative of their presence. Wlien the 
solution is ncidifiwl sulfur is seiiiiraleJ (on standinfj) if Ihiosulfntes or polysullids 
are present, or siilfids together with oxidininijf a^jjetits. Similarly iodids with 
oxidizing agents .separate ioJiii. These acids constitute groups A and B. 

Group C cousisis of those aeiife whosp barium salts are insoluble in HCl, aud 
proup D of those whose barium or ealtiitm salts are insoluble in acetic acid. By 
the addition of sodium acetate, the solution acid with HCl is rhaujrcd to one aeid 
with H(CJIjOJ. Calcium chlorid is added inasmuch as the calcium salts of IIF 
and HjCjO, are less soluble than the corresponding barium salts. Silicic aeid 
may or may not come down in the presence of acetic acid, its action depending 
largely on the amount present. 

Group E consists of those acids whose barium or calcium salts are precijjitaled 
from alkaline solutions, Ba(On), being used in preference to NH,OH since the 
salts of the last four menihei's of this g'roup are appreciably soluble in the jtresence 
of ammonium salts. Sodium or potassium hydroxids always contain carbonates. 

Group F eontaina the acids whose silver salts are highly insoluble in HNO,, 
Hypochlorous acid appears in this group because its silver salt, although soluble 
in water, decomposes very readily, according to the equation: — 



3AgOCl ^ 24gpVf AgClO,, 



Group G consists of those acid."! whose silver salts under the same conditions 
may be precipitated only from concentrated sohitions. The aeids of these two 
groups maybe classified in another way, owing to the fact that the silver salts of 
certain of them are not readily soluble in NH,t")H, These are placed together, 
thei'efore, in grroup H. Silver brumid is appi-eeiably, but usually not entirely, 
soluble in NH.OH. " » 

Oroup I consists of those acids whose barium salts are soluble in water and 
whose .silver salts are nut precipitated in the presence of HNO,. 

Individual tests must be made for each of the acids in the groups indicated 
to be present by tliese preliminary experiments unless the tests for oxidizing and 
reducing acids indicate that certain of them are not present. 

I'luler (he iiilluenee of o-vidix-iug ajjents in general, HCl is oxidi/^d to water 
and free chlorin. In concentrated HCl solution, the higher chlorids of manganese, 
MnCl, or MnCl, (see page -14), dork brown in color, may he formed and are 
capable of temporary eKistence, The aeids which act as oxidizing agents under 
these conditions constitute group J. Ferricyanic acid gives a dark-drab, opnijue 
soJution appearing somewhat different from the other acids. 

5Ianj' free acids act as reducing agents and will bleach a dilute solution of 
KMnO^. Such as act in the cold are etasaed together in K while oxalic and tartaiic 
aeids usiially require heating and constitiite group L. Hydrocyanic acid may 
cause slight bleaching in hot. fairly concentrated solutions but most of the HCN 
will boil out unchanged and may be detected by its characteristic odor. Most acids 
do not h.'ive any reducing action and are classed as group M. Two bodies, H^O, 
and HNO,, because of their instability I'eact readily with either oxidizing or reduc- 
ing agents and therefore are found both in groups J and K. Although salts are 
much more stable than free acids, iji general oxidizing and reducing agents can- 
not exist in the same solution. 

If no test for any acid can be obtained, the original substance must have been 
an element or its oxid or hydroxid. 
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TBST FOB SULFURIC ACID. 

Aeidify a portion of the prepared $ohiUo» ivitb HCl, add BaiQ, as long ■• 
precipitate falls, filter, waah and dry the precip i tate.* Mix with Na^OO^ mi 
heat before the blowpipe npon ebareoaL Bemove the reaidne firoan ttw einsM^ 
plaee npon a silTer eoin and moisten with a drop of water. 

A dark stain, Agfi, indicates the presence of H,80^ 

* Fart of this predpitete may be used in testiiig for H^KF, (s«e neoEt teat). 



TEI3T FOR HTDBOSnJCOFLUOBIC Adp. 

Acidify a portion of the prepared eohOiom wiQx HCI, add Ba£9^ ma hmtg m a 
precipitate falls, stand for ten minntes then filter, wash and dry Ilk* 
thoroughly. Heat in a test-tnbe with cone. Hj80« and hdd in tiia fin 
a loop of platinum wire containing a drop of water. 

The formation of a white deposit, H^O^ in the water indieataa U» 
of E,ffiF, 



TESTS FOR HYDROFLUORIC ACID. 

(1) In a platinum crucible treat a small portion of the dry substance with 
warm cone. H,SO, and cover with a watch-glass which has been previoosfy 
coated with paraffine in which two or three scratches have been made with a 
knife blade. 

On standing, etching of the glass where exposed to the fumes indicates HF. 

(2) From a portion of the prepared solution acidified with HCl remove 
H,SO, and H,Sir, by treating with BaCl, and filtering. Warm the clear filtrate 
and add CaCl,. Make the solution alkaline with Ba(OH), and after a moment 
make just acid again with HCl. 

A white precipitate, CaF,, insoluble in dilute HCl, indicates HP. 

Confirm by filtering and mixing the dried precipitate with an equal amount 
of a dry silicate. Treat with cone. H,SO„ exposing a rod moistened with water 
to the fumes evolved. 

White precipitate, appearing as flecks in the drop of water, H,SiO„ ccm- 
firms the test for HF. 




THE ACID ANAIiTSIS, 



DISCUSSION OF THE TEST FOR StJLFURIC ACID. 

In the preeence of HCl tfae barium ion gives no precipitate ejcc«pt with 

sulfuric acid and hydrosilieofluorie aeid (whioh see). The formation of a 
precipitate may indicate the presence of both of tlieae acids or of one in the 
known absence of the other. Fusion with NfljCO, on charcoal results in the 
reduction of the sulfate to the sulfld, which when moistened and brought ia 
contact with metalUc silver produces a dark slain of silver sulfid. Oxygen is 
absorbed from the air at the same time according to the equation: 

4Ag + 2Na,S + 0. + 2H.0 -» 2Ag,S + 4NaOH 
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DISCUSSION OF THE TEST FOR HYDROSILICOFLUORIC ACID. 

Under the conditions of tlie experiment, BaSiF, {or BaSOJ only can be 
precipitated. When the dried precipitate is heated with cone. H,SO„ HjSiF, 
is liberated and decomposes into SiF, and HF, both of which are volatile. 
On coming in contact with water SiF, reacts with it to form silicic acid which 
appears as white Hecks within the liquid (see page 133). The mixture in the 
test-tube must be anhydrous as otherwise this reaction will take place immedi- 
ately and SiF, will never be volatUiaed. 



DISCUSSION OF THE TESTS FOR HYDROFLUORIC ACID. 

Test (1) depends on the corrosive action of HF on glass and other sili- 
cates (see page 199). It is a delicate test and on melting off the paralliiie, etching 
of the glass will apjiear along the lines where (he parafUne was scratched. 

The separation of HF, as the second test, depends upon the fact that 
although hailitra fliiorid will not come down in the jiresence of HCl, once pre- 
cipitated it is not readily soluble in dilute HCl, Calcium fluorid is somewhat 
more insoluble in water and acid than barium fluorid. Since all other acids | 
giving bariim) sails iusoluble in water are distinctly weaker than hydrochloric 
acid, their salts vvill be readily dissolved away from (he fluorids by HCl, Am- 
monium salts exert quite a solvent action on fluorids, however. By working 
with the prepared solution (made by boiling with sodium carbonate) and using 
barium hydroxid as base, all anmionium salts are avoided. 
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TESTS FOE. SILICIC ACID. 



I 

ip (1) In a platiniiin cmioible intimately mix some of the dry avbatomet wS^ 
nn equal weight of jiowdei'ed CaFj, moisten with cone. H,SO^ and beat 
the hodii. Expose a ftUii of water on a loop of platinum wire to the 
evolved. 

tThe formation of white fieeks of silicic aeid indicates the presence of B,8i0, 
(2) Aeidify a poiliou of the prepareil suluiiun with llCl, evaporate to lUy- 
eas and desieuate at 120" (see page 2C3). Extraet by boiling with diluti> HCi, 
pour off the solution fitim the residue, and wash by decantatioii. Heat dome of 
the residue before the blowpipe in a sodium mota-phospbate bead (made bj 
heating miorocoauiic §alt). 

The fotTiiation of an infusible " skeleton," SiO., not dissolving iu the bea^J 
indicates H^iO,. 




TEST FOR DICHROMIC ACIB.' 

Make a portion of thts prepared solutitm family acid with UNO, aiid"bcnr 
to remove CO,. Make jusl alkaline with NH.OH, utld CaCl,, warm and stand 
aside for 10-15 minuteB, shaking vigoniiiely from time to time to induce pre- 
cipitation. Filler, iifldify the clear ftlhatp sliijhllii with HNO^ and add BaCLj 
Filter again and to the clear filtrate add Pb(C,H,0,)„ and Na(Cja,0,) if 
necessary to effect precipitation. 

A yellow precipitate, PbOrO^ indicates H,Or,0,. 

To confirm, filter and treat the precipitate on the filter paper with waim 
HNO„ allowing the solution to filter through into a test-tube. Cool and add a 
few grains of Na,0,. 

The appearance of a transitory blue color, due to HCrO^ confirms S,0r,0r 



, *^ Chromic acid, H,CtO«, is unknown, for as soon as it is liberated from ita aalta, 
it loses water and passes into dichromic acid (see page 195). 
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DISCUSSION OF THE TEST FOR DICHROMIC ACID. 



DISCUSSION OF TESTS FOE SILICIC ACID. 

AJl silicates are det'ompoaed by HF with tlie £orrnatio« of SiF,, hence 

iothlng will interfere with test (1) for silicic neid. Since silicon fluorid is 

lecoiti posed by wnter, forming- silicic acid and hydroiliiorie acid {see page 133) 

\e tmsture in the crueitde must bt- kept anhi/droiis. Concentrated sulfuric acid 

added for this purpose as well as to liberate the HP, 

The second test ean Ije I'elied Upon to detect silicic acid in solution under 
^U circumstances (see page 13ol. If the dry substance- is similarly treated, the 
telelon indication will appear in most cases when silicic acid is present (see 
payre 13G) ; yet the indication is usually less definite, since the basic constituents 
of the original substauces will dissolve, often rendering the bead turbid. 

Inasmuch as silicic acid is usually detected during the Basic Analysis it will 
generally be unnecessary to make tests for it in the Acid Analysis. 

I The presence of a chromate or dichromate is frequently indicated during 
the Basic Analysis by the change in color from yellow or red to green when 
the solution is treated with H,S. Chiximium, even if present in the acidic 
condition, is thus reduced to the basic condition (see pages 2.53 and 26.5), and is 
precipitated with the metals of Group II. If chromium is detected in the 
Basic Analysis, it does not follow, however, that it was originally present in 
the acid condition, hence the necessity for this test in the Acid Analysis. It 
is unnecessary to test a colorless solution for the presence of diehromie acid, 
however. 

While a large amount of dichromic acid will mdke itself evident during both 
the Basic and Acid Analyses, wlien present only in small quantity, considerable 
care is required for its detection. Certain acids must be previously removed. 
Carbonates are fli'st destroyed. Tartaric acid (which tends to hold Up Vhe 
precipitate of PbCrOJ and other acids are precipitated as calcium .salts in 
alkaline solution. Since aninionium salts exert a solvent action on tartrates, 
ehroraates and salts of other acids, the amount of NH.OH introduced roust he 
kept as small as possible. Calcium tartrate shows strong tendency to form 
supersaturated solutions and vigorous shaking is necessary to bring down a 
precipitate. From the filtrate once again acidified with HNO,, the Ba ion pre- 
cipitates H,SO,. After filtering, the addition of Pb(t7.H,0j), introduces the 
§Pb ion and changes the solution from one acid, with HNO, to one acid with 
H(C,I1,0,), under which condition PbCrO. is precipitated. Sodium acetate 
affects the sanie change and represses the ionization of the acetic acid formed by 
the reaction. (See pages 27 and 31) 

If iodids be present, Pbl. may he precipitated also as golden spangles. They 
are readily soluble in boiling water, hoivever, and may thus be separated from 

chromate. The coufinnatoiy test is discussed on page 2(i7. 
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TESTS FOB BOBIC ACID. 

(1) A. Moiiten Mme of fbe diy nilMtanee irith eone. I^0« and heat baftn 
fhe blowpiiM. 

A ehmetarutie green eolor indieatet ^K>, (tii Uu abiwaM of Mm mii d 
Mrite). 

B. If • gnen eolor doea not appoar tn A, mix fhe flne^ pondand hA 
■taoee irith CaF, «nd KHSO« moiatea irith a droiv of irater and liaat ia s lea| 
of platinum wire, hoMing the head at the edge and near the boMam of tk 
Bunaen fluTPfi 

A green eolor indieatea B^BO, (in th« obaMiM of Bm mti Cu amUt). 

(2) If the nibBtanee exiata in aoliitimi, evaporate a poirtiini to 
add 3-4 eem. of methyl aleohol and an eqoal vohune of eone. flfiO^ and ' 
igniting fhe vapor (if neeeaaaiy in the tipptntim deaeribed on page 114). 

A flame, green or edged irith green iriien tiaeea onljr an pnamxt, 

(3) Acidify a portion of the oriffiMi or fhe pnpartd tolmHom trith HO 
Abaorb in tnimerie paper and dry at 100" (by placing oo the aide of a baaha 
in iriueh water ia boiling), repeating thia treatment eevecal timea if naaaaaaiy 
• The appeanmee of a pink coloration taming dark green on tnatiiif wid 
alkalieB indicates the preamce of B^BO,. 



TEST FOR CABBONIC ACID. 

Treat some of the dry substance, or its solution in voater, with H^O« and paa 
the gas evolved through "lime water," Ca(OH),. 

A white precipitate, OaOO„ indicates the presence of H,00,. 

If the indication is not obtained at first, warm, and, if necessary, add mor 
acid. 
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THE ACID ANALYSia 

DISCUSSION OF TESTS FOR BORIC ACID. 

In (lie flame test without tbe use of alcohol, it is necessary to distinguish 
carefully between barium or copper salts and compounds of boric acid, aU of 
which color tbe flame green. Neither barium nor copper compounds are vola- 
tile under the conditions prescribed in Test (2), and therefore would not 
interfere in this way. While simple borates respond to Test (1)A very 
satisfactorily, some silicates containing boron are not sufficiently decomposed 
by HjSO, to give this test for boric acid, but require the sti-onger action of HF 
formed from the interaction of acid potassium sulfate and calcium fluorid. 
Under these conditions volatile boron fluorid, BF„ is formed which also colore 
the flame green. 

For the discussion of Test (2) see page 114. 

Oxidizing agents (except HNOJ interfere with the turmeric-paper test 
for boric acid, by destroying the turmeric. Since hydriodic acid ia readily de- 
composed by the oxygen of the atmosphere (see page 211) with the liberation 
of iodin which is a bleaching agent, the presence of iodids also interferes with 
this test. Iodids may be removed by treating the acid solution with potassium 
nitrite and boiling (see test for iodids, page 296), after which any oxidizing 
agents may be reduced in acid solution by treatment with sodium sulfite. 
(See page 185.) 



DISCUSSION OF TEST FOR CABBONIC ACID. 

If salts of carbonic acid be present in any appreciable amount, the fact 
will usually be indicated during the Basic Analysis as soon as the solution is 
acidised. Therefore, it will be uimecesaary, generally, to make a, direct test for 
carbonic acid during the Acid Analysis. 

Some carbonates of metals forming insoluble sulfates arc not readily decom- 
posed by Hj80„ for tlie reason that the insoluble pi-eeipitate formed by HjSO, 
covers over the dry substance and protects it from further action by the acid. 
If the dry substance does not dissolve and no test for carbonic acid is obtained, 
it may be desirable to substitute HCl and repeat the test. 

Since an excess of CO, is liable to form the soluble acid calcium carbonate 
(see page S)5), the formation of a precipitate should be looked for shortly after 
the bubbles begin to pass through the " lime water," as otherwise a precipitate 
might be formed and dissolved again without being noted. 

In the pj-esence of sulfurous acid, cai'bouic acid may escape detection since 
the volatile anhydrid, SO,, will pass off with the CO,. If SO, is present in 
large quantity, it may neutralize the liroe water and even make the solution acid 
before CO, sullicient to jiroduce a precipitate is liberated. If tbe odor of SO, 
is apparent while making this test and no indication of carbonic acid is noted, 
it will be safest to repeat the test on a fresh portion of the solution. Iodin 
water is added to the acidified solution until the color becomes permanent, thus 
indicating that all H.SO, has l>een oxidized to H,SO,. The excess of iodin is 
bleached with a drop of SnCl, and the solution is then heated to drive tbe CO, 
into the " lime water," 
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TEST FOR OXALIC ACID. 

FaintJij acklify a portion of the prepared solution with acetic acid, w&na ABid 
add ail equal voIqiup of a saturated solution of CaSO,. 

A whitt prt't'iiiitutt'i CaC,0,, indicalcs the iircseiu't: of H.,Cfi,. 

To r'onflmj filler and vtasU Ihe prw-'ipitate, dii^olve in wann ililiiif TT 5in 
and add a drop of a dilut* solution of KMiiO,. 

Bltiuhin^' of the )ionniiiiyatiate eonfirtns llie lest for H,0,O,. 



TESTS FOR TARTARIC ACID. 

(1) Acidify a small purlion of tlio aqueous solution with UCT and cvi 
rate to dryness. (If tlio original substance is not soluble in water, use the 
e.ttract.) Ignite the nvsidue lliits obtained, notinf; nirbonlzation or it« nh 

Charring denotes thi> preKfure of noii-volatilc organic matter wliich maiti 
tartaric arid. Ah.senw of rnrbonization indicates the ahsenre of H,<0,HX 

(2) If the original siibstauce eontaius carbonizini; matter, to 10 .^^^ 
the prepared snluhon add a few granules of dry K.CO, or sufRciont t' — '- 
solution alkalino (Na.CO, will not dol. Evaporate until s»>hJ jiart! 
to separate. Dissolve tlie cr>'6vtals in as little water as possible :\ 
siiphtly with aretie aoid. Add an equal volume of ali^ohol to thp solu 
much less as is sufllcieiit 1o cause incipient pivcipitation. Stand astilc for] 
to 20 miiroles. Filter off Ihe precipitale, wsbIi with a liltle Ptiier* und _ 
thoroufcdily. Remove from Alter and treat in a test-tube with A^XO, anil 
sufficient NH.OII to dissolve Ihe precipitate. Place Ihe lest-tulw in a hoakeri 
of boiliiiff water and thus evaporate fo dnties;*. 

The fonuation of a alver tnin-or indicate*! Ihe presence of HJO^.O,), 

(3) Acidify 10 eem. of Ihe prei'iirfd solittirm with IK'l niid boil t)inr<ii){;]i)Y, 
Into the hot solution pass U,S as long as any action takes place, add Bad and 
filter. Make the flUrate distinctly alkalme with Na,CO„ boil thoronglily an 
filter. JIake filti'ate slijjhtly acid with acetic acid and l>oil, then add ' ' 
stand aside for .'»-ltl minules. then filler. Make fillrate just alU: 
NH.OH, "White ju-ecipitale may indicale lariaric acid. Continn by filter 
and drying Ihe precipitate, Irealing with AgXO, and NH.OIT and evnuomt 
to dryness in boiling water as in Teal (2). 

The formation of a silver mirror indicates H.(C,H,0,). 

• Ether must not be nsed in the vicinity of any flame. 



THE ACID ANALYSIS. 
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DISCUSSION OF THE TEST FOR OXALIC ACID. 

If the solution be free from Ba, Sr, and Pb ions (as will be the case if] 
,. .=..t,iiinn jii'pparwl for the Acid Analysis be used), nothing will inlerfere with j 
loi' oxalic a(.*id, t>iuce uo oUier &aUs of colciuiii wliiub iire more in- 
iuiilc thnn tho sulfnte will he j»re«>i|»)tated in the prest-uce of utfelic at-itl. 
incf oxalie acid is eiisiiy usidiziHl, I lit- fn-csenee «{ nxidi/.tiiij «gciit» in s<duliuu 
nJong witli it might iJestroy it before it is i)rfci|iitatfj as the calduiu aall. 
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DISCL'SSION OF THE TESTS FOR TARTARIC ACID. 

Tlu' first lesl nit'rcly indicates the jiresonce of some form of non-volatile 
ttrg-anic matter. It is of value only an ftfTordiiig evident'c as to whether it is 
Bwessary lo make (he luoi* elaborate l«9ts sin re, in the abs<vnpe of carbonization, 
'•tarlarii- aoid earvnot be jireseut. 

Te-st (2) effects the separation of tartaric acid from other acids by precipi- 

ptalintf it an arid iHitaffeiirin (arli'ale which ic less soluble than any other salt of 

the alkali metals with tlie exception of potassium silicofhioriii. Metals other 

tbaii lite alkalis must be abM'iil, for (bey form tartrates more inNolubtc than the 

will potaBsium salt. These have already been removed in ntakinsr the prepared 

nhilion. The presence of K ions is insure*! by the ad<lition of K.CO, and an 

»(Hol volume of alcohol is niiried lo the stvlntiou since Kn((*,H,l.tJ is inttch less 

(oluhic in -"VO per cent, ulcoliol (lian in water. Tlie fonnation of a precipitate 

iocs not necessarily indicate tartaric acid but, if this acid is pnisent, it will be 

eonlained in the precipitate and may be detected by tlie retluction of AgXO,. 

iFincc ftleohol may cause this same reduction it is ntn-essory to r»!mo%-e it by 

vnshire with ether. In the presence of a slight amount of NII.OII, silver 

wtls are readily reduced to the metal by org-ani<' niHller. Tartaric uciil aeeom- 

jdisbes Ibis reduction on wanning and deposits Ibe silver as a hrilliaut mirror 

the Fides of the lest-tnbe. (For further di.wus.sion sec pa^fes Sti and 125.) 

Tost (3) depends upon the precipilalion of larturie acid as the calcium salt 

»nd the snlisequent reduction of Ag^NO, «.« confiniintory evidence. Ina-'^mucb as 

nany ncids ((irotips C, D. E; see piisre 27(>) are precipitated by ibe eiilciuui 

Jon, most of thes* must lie removed, especially those which will react with AgNO, 

or redtu'c it to (he mclal. Thorouijh Iwiling with HCI decomposes and removes 

I,SO, and H.SjO,; I1,S removes (be arsenic acids couiptetely and reduces 

Jiehromic ncid to the busic condition and BaCl, prpcipttafes H,SO, and H,SiF, 

^y boiliufj the Hit rate willi'- j'^,l'0„ chromium and the excess of barium ai-e pre- 

Fipilaled and filtered off. i lie tiltrate is acidified wilh acetic acid and boiled 

|o remove II^S and CO.. The addition of CnCl, to the solution, which should 

be but faintly lU'id wilii IltC.lI.Oj), precipitates oxalic and hydi-ofluoric acids 

»nd after filtering and making alkaline wilh NII.OH, tartaric acid is pi-ecipi- 

[tted as the calcium tudt, Certain other ncids may be present tu tht; precipitate, 

hence tlu" indicalion should be confirmed by Ihe f'>mmtion of a mirror s.s outlined 

ill Te.'i) (2). 
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qoAUXATiva analysib. 



TESTS FOB PHOBPHOBIC ACID. 

(1) BoQ aome of the pnpand $eitMo», or dry ■nbthmw, with toma. HITC^ 
as long M brown fmnm (denotiiig oxidation) an gtrea aB, addiny 
if neeeaaaiy, to eomplate the reaetion. Braponte to diyneaa, and 
reaidae hy boiling with diL HNOr VStu, if neeaaaaiy, and add • dnip 
of this aofaition to 6 e«m. of amrnonimn OMrijrbdat^ (NS.),l(oO«. 

A yaDow pneipitate, (KEJ^^lgMaOg indieatea ]^P0« (t» t»« 

of n^o^. 



(2) U aiaenie was indiaated in the Bade Analjrais, sttiHifl^ aeidify • 
tion ot the pnpared whitiom wiQx HO, heat tO' boiling and paaa H^ «■ 
as 8 preeipitate falls. Filter, boil out H^ and treat aa in Teat (1). 

A tbDow preeipitste, (tOS^^^WtaOg, indieatea ^^^ 




The formation of a ydlow precipitate, (N'H,),PO,,12MoO„ with amraoniam 
molybdate (see page 156), is a reaetion eharatteristic of the ortho-phosphoric 
acid, but not of any other acid of phosphorus. The presenc* of any reducing 
agent interferes irith the reaction by causing a reduction of the molybdate, 
which is indicated by the appearance of a blue color. It is therefore necessary 
to evaporate to dryness with cone. HNO, in order to destroy all reducing ajjents 
and oxidize any lower acids of phosphonis. The extraction with dilute HNO, 
causes the hydration of meta- and pjTO-phosphoric acid. Thus, by this prelimi- 
iiary treat raent ail of the phosphorus is changed to ortho-phosphoric acid. 

Arsenic acid with ammonium molybdate gives a precipitate closely resem- 
bling that with phoBphorio acid (see page 164), The precipitate due to H,PO, 
will come down in the cold solution after a few minutes' standing; but with 
H,AsO, the precipitate cannot be brought down without warming, except on 
long standing. This ditferenee is hardly sufficient to differentiate clearly; hence 
arsenic aeid, if present, must be removed from solution before preparing for 
the phosphoric aeid test. 

Arsenic present in a form other than H^AsO, will not give the reaction with 
molybdate; hence it might be thought that this would not interfere with the 
test. But under the treatment prescribed for obtaining phosphorus in the form 
of ortho-phoBphoric acid, arsenic originally present in any form would be 
oxidized to arsenic acid. Hence, if arsenic is indicated in the Basic Analysis, it 
must be removed as in Test 2 before preparing for the test for H,PO,, Arsenio 
present in any fomi is precipitated as aulfid by this treatment. (For further 
discussion see page 261,) 
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TEST FOB AB8SKIC ACID. 

B<ril a poardon of fhe original $ohMom with Na^COi to wnae ipi t a te tte hm 
aa jnmakiiigtlwpf«fMn4aoItilJ0«> aodfltttr. Addify flielUtnito to 1 
any eazlionmto and neatnlise any flind aUnU, boil to maove CO^ main 
with NH.OH and add NH,C1 and lligGly . 

The tonaatiou of a wbito pnA]^MB, MtfKR^MaO^ mdiaatas ]^AsO« 
(«i «ft« abMiM0 «/ JBT^O. and ir.^,). 

To eonilnn, filter off the pxeeipitato and waah with dilute IXHjOiEL 
the pxeeipitato with a few diopa of AgNO^ r 

The appeaianee of a ehoeolato eokir, Ai^AaO^ shown at aaa^w 6a 
tioa of a dn^ of aeetie aeid, indieatea V/LiO^ 



TEST FOR ARSENIOUS ACID. 

From the solution especially prepared as directed under the test for arsenic 
acid (see previous test) remove H.AsO, by precipitation as Mg(NH,)A80, and 
filter. Evaporate the filtrate nearly to dryness and dissolve in 3-5 ccm. of cone. 
HCl. Add 3-5 drops of a cone, solution of SnCl, in cone. HCl. 

The appearance of a dark brown precipitate, metallic As, indicates H,AsO,. 



THK ACID ANALYSIS. 



DISCUSSION or THE TEST FOR ARSENIC ACID. 

The test for the acids of arseiiic must be made on a portion of the originai 
solutiun especially prepared, for frtim the regularly prepared solution all 
arseuie has been precipitated by H,S. 

Since all the salts of niag-nesiiim except the arsenate and phosphate (when 
formed under the conditions of this experiment) are soluble, nothing is likely 
to interfere with this test. The aramoiiium magnt'sjum ai-senate and phosphate 
resemble each other so closely as to be indistintruiyhable to the eye, and the 
differentiation has to be made o[i the basis of tlie transforaiation into the silver 
salt, which with arse:iic is chocolate brown, with phosphorus pale yellow. 

Silver arsenate, Ag.AsO, is readily soluble in ammonium hydroxid, hence, 
after washing with NH,OH, it may be necessarj' to nentrahze with a drop of 
acetic acid to bring out the eolor. 

If the prepared solution is yellow, indicating probably IIil' presence of 
ehromates, care must be taken to wash the precipitated Mg(NIlJAsO, very 
thoroughly with NII.OII until every trace of yellow color has been removed, 
for, with the chromate ion, the Ag ion gives a deep red preeipitate which might 
be confused with the choeolate-eolored precipitate due to arsenic acid, A safer 
method would be to dissolve the precipitated magnesinm .salt on the tiller paper 
with very dilute UNO, and wash into a test-tube. Then, by addition of dilute 
NH.OH, it may be reprecipitated with little danger of Inelusiou. 

Dilute NH.OH is used to wash the precipitate, since the Mg(NHJAsO, 
is less soluble in it than in pure water. 

It mifrht appear that by direct addition of AgNO, to a neutral solution 
H,AsO, might be indicated by the chocolate-colored precipitate at once without 
the necessity of separating it as the ammonium magnesium salt. Arsenic acid 
is far less frequently met witii in analysis than most other inorganic acids, many 
of which give precipitates with the silver ion in neutral solutions (if not in the 
presence of HNOJ. Since Agi^AsO, is more soluble than the silver salts of 
many other acids, H.AsO, would not fall until after the other acids had been 
removed from the solution by preeipilalioii ; thus the test would be confused. 

If soluble silicates are present, free silicic acid may be precipitated on the 
addition of NH.C'l to the solution. This precipitate is due to hydrolysis of the 
ammonium silicate formed by metathesis (see page 13,5), but its gelatinous char- 
acter generally sen*es to differentiate it from the crystalline Mg(NH,)AsO,. 






DISCUSSION OP THE TE.ST EOR ARSENIOUS ACID. 



I 



Siiic« the solution prepared for this test is free from all metals except arsenic 
and antimony, nothing is likely to interfere with this test, since none of the col 
pounds of antimony will give a similar precipitate with SnCl,. 

If arsenic exists in the prcpai'ed solution, ami be not present in the forin 
of arsenic acid (which will be i-emoved as Mg(NHjAsOJ, it will be present as 
arseniouH acid or its equivalent. 

It is necessary that the trivalent arsenic should exist in the solution as 
arsenic chlorid, i. f., acting the part of a metallic element, and not as 
arsenious acid. Hence it is absolutely necessary that the test be conducted ia 
the presence of conc, HCl. (See discussion of AsO,H„ page 159.) 

20 
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QUALITATIVE ANALYSIS. 



TEST FOR SULFUEOUS ACID. 

Acidify a portam of the prepared solution with acetic aoid and add m 
aoetate, Zn(CJH^t)^ as long as a predpitate falls. Filter off tho precipitil^ 
and test tbB filbrate «'ith a drop of Zii(C^,0,), to see that pmcipitatka ■ 
eomplete. (Should a precipitate fall, add more zinc acetate solution and ffitv 
again.) To the filtrate add BaCl, in considerable excess aod filter until a clot 
aolation is obtained.t To the clear filtrate add ioditi water until eoi«r bM«oM 
pennanent, then a little cone. HCl and bleach with a drop or two of SnCL 
; White precipitate, BaSO,, mdicates H,SO,. 

*TUs precipitate may be tested for H,S by treating with H,SOV w M Mf 
and eipoaing a fitter paper moistened with lead acetate solution to the aictioa of Ik 
flUDM erolred. A Uaek stain, PbS, indicates the preaence of B,S. 

t The precipitate obtnined here may be dried and tested for Hj80< by beatiic 
before the Uowpipe with NasCO, on charcoal. Hcmore the melt, place on a tiint 
coin and moiaten with a drop of water. A black stain, Ag^B, indicates the 
of HiSO.. 




TEST FOR THIOSULPUEIC ACID. 

Acidify a portion of the prepared solution with acetic acid and add zinc 
acetate, Zn( 0,11,0,) „ as long as a precipitate falls. Filter off the precipitate 
and test the filtrate with a drop of Zn(C,H,0,), to see that precipitation is 
complete. (Should a precipitate fall, add more zinc acetate solution and filter 
again.) To the filtrate add BaCl, in considerable excess and filter until a clear 
solution is obtained. To the clear filtrate add iodin water until color becomes 
permanent, then a little cone. HCl and bleach with a drop or two of SnCl^J 
Filter (if necessary) until the filtrate becomes clear, add bromin water until the 
solution becomes permanently colored and bleach with a drop or two of 
SnCl. 

White precipitate, BaSO,, indicates presence of H,S,0, {in the absence of 

nscN). 

t The directions for making the test for thiosulfuric acid up to this point are 
identical with the test for sulfurous acid (see above). Time may be saved there- 
fore, by testing for thiosulfuric acid immediately after testing for sulfurous acid 
by adding bromin water to the solution (filtered clear, if necessary) that was used 
in testing for sulfurous acid and proceeding as directed. 




The test for sulfurous aeid depends upon its oxidation by iodin to sulfiiric 
aeici (see page 185) and its subsequent precipitation as the barium salt. To 
prevent a similar oxidation, HjS (if present) is I'emoved as ZnS and any 
H,SO, already present is precipitated as BaSO,. If on the addition of iodin 
water to the solwlion thus prepared a second precipitation of BaSO, falls, it 
must be due to H,SO,, for tins compound onljf is oxidized to H,SOj by iodin. 

Nothing will interfere with this test except the presence of oxidiKing agents 
which will act oji snlfurous acid as soon as the solution is acidified. Of thtse 
dichromic acid will be precipitated as BaCrO, along with HjSO, and thus 
removed in the preliminary treatment. Of the other common oxidizing acids 
(see page 276) the bariiun salts are all soluble and may be separated from the 
sulfite which is insoluble. To the neutral or slightly alkaline solution BaCl, is 
added as long as precipitation follows. This jireeipitate, which will contain 
among other salts BaSO,, is filtered off and treated with HCl when tlie siilfii 
dissolves and may be tested for in the solution as directe<l. 

Bleaching of the solution with SnCl, (see page 138) renders a slight preeipi 
tate more plainly visible. It may be omitted if the precipitate is evident. 

By testing the precipitate brought down by zinc acetate for HjS and the 
first precipitate by BaCl, (before the addition of iodin water) for H.SOj (as 
directed in the footnotes on the opposite page), these acids may be detected also. 
If thiosull'uric acid is tested for in the same solution (see next test), all of the 
four anliur acids, H,S, H.SO,, H,SO, and H,SjO,, may be detected in 
presence of each other. 







DISCUSSION or THE TEST FOR THIOSULFURIC ACID. 

This test depends upon the fact that, when treated with iodin, tluosulfuri 
acid is oxidized only to tetrathionic acid, the barium salt of which is soluble. 

2H,S,0, + 21 ^ H,S.O, + 2HI ^ 

The stronger action of bromin, however, oxidizes tetrathionic acid to sulfuric 
acid (see page 189) and in the presence of the barium ion a precipitate of BaHO^^ 
is obtained which in this case indicates H,S,0,. ^U 

After the removal of other sulfur acids (see discussion of the previous testT^^ 
nothing will interfere with the detection of thiosnlfuric acid except the presence 
of oxidizing agents and of Ihiocyanic acid. The fortner may be separated 
exactly as indicated in the discussion of the test for sulftirous acid: for barium 
thiosulfate, like barium snltite, is quite insoluble in water. ^M 

Thiocyanie acid, if present, will l>e oxidized to HjSO. by bromin and, hencej^ 
must lie remo%'ed. This is most satisfactorily accomplished before begiiming 
the test for snlfurous acid by fahitli/ acidifying the solution with HNO, and add- 
ing AgNO, as long as a pi'ecipitate, AgSCN and possibly other salts, falls. 
The filtrate is made slightly alkaline with NaOH and again ftitere<l, after which 
the regular ti-eatment for H,SO, and H.SjO, is to be followed. 



QUALITATIVE ANALYSIS. 



TEST FOR FERROCYANIC ACID. 



Addi^ a portion of the prepared solutiojn witb HCI niiil add n drop <it 
FeCl, solution. 

A deep blue color, Fe,(Fe = 0^,>„ indicates H,(Pe = 0^,>. 



TEST FOR FEEEICTANIC ACID. 

Addify a portion of the prepared solution with HCI and add to it a few 
drops of a freshhj p ft! pared solution of FeSO,. 

A dark blue precipitate, re,(r8 — 0^,)^, iuJicates H,(r8 = C^,>. 




TESTS FOR THIOCYANIC ACID. 

(1) Acidify a portion of the prepared solution with HCI and add FeCl^ 

A deep red color, Fe(SCN)„ bleached by the addition of HgCl^ indicates 
HSCN. 

(2) Acidify a portion of the prepared solution with HCI; add SnCl,, if 
necessary, to hold back iodin or bromin which may be liberated and by the color 
produced interfere with the test to follow. Boil, collecting the volatile thio- 
cyanic acid in a trap containing FeCl,. 

The formation of a red color due to Fe(SCN), indicates HSCN. 



THE ACID ANALYSIS. 
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H DISCUSSION OF THE TEST FOR FERROCYANIC ACID. 

Because of the intensity of the color prtiduped, nothing is likely to interfere 
with this test. When only a small amount of ferroeyaiiic aeitl is present in a 
solution, the de^p blue preeipitate may be so sparsely diffused as to produce 
a green rather than a hlne color, especially if the .solution be colored yellow 
by an excess of ferric chloiid present. Under these eircumsfances, if the indi- 
cation is doubtful, it is best to pour the solution into a test-tube and allow the 
precipitate to settle, when its deep blue characteristic appearance will aulli- 
eiently indicate its nature. 



DISCUSSION OF THE TEST FOR FEREICYANIC ACID. 

Nothing is likely to interfere with the successful working of this reaction 
unless the presence of o.^itlizing agents should carr>' tlie iron from the ferrous 
to the ferric condition. Under these cireiunnstaiiees it is better to reduce oxidiz- 
ing agents with sodinm sulfite in acid solution. In an acid solution a ferricyanid 
is not appreciably reduced to a ferrocyanid. 

FerriDus salts oxidize so quickly in the air that it is essential that a fresh 
solution be made for each test by shaking a crystal of FeSO. with a few cubic 
centimeters of water. An intense dark blue color, appearing immediately, alone 
indicates the presence of ferrieyanic acid ; for, if ferrocyanic acid is present, 
under the conditions of the e.^periment a light blue precipitate will form which 
will grow visibly darker in a few moments, the deepening of the color, and the 
oxidation of the ferrous salts pausing it, being hastened by vigorous shaking or 
pouring the solution tJirough the air. 



DISCUSSION OF THE TESTS FOR THIOCYANIC ACID. 

In a neutral solution acetic acid would interfere with Test {1) hy the pro- 
duction of a red color due to ferric acetate. Under the same conditions tartari^c 
acid and similar hydroxy acids tend to fnrni complex coujpounds which remove 
ferric ions from solution. In an acid solution none of these substances interfere. 

lodids, if present, may interfere with the test for traces of thiocyanic acid 
in the way already indicated (see page 283). If oxidizing agents by present 
in solution, iodin may be set free in fjuantity when the solution is made acid, 
and therefore may interfere decidedly. This interfering action may be avoided 
by carefully bleaching out the solution with stannous chlorid, avoiding an 
excess, since the stannous ion will reduce ferric salts to the ferrous condition 
and thus require a large amount of ferric chlorid to bring out the red color due 
to thiocyanic acid. 

If ferrocyanic or ferrieyanic acids be present in the solution, the deep blue 
color due to these reagents may completely mask the red color due to thiocyanic 
acid. Under these circumstances it is best to distil out thiocyanic acid as directed 
in Test (2). 
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QUALITATIVE ANALYSia 



TESTS FOR HYDROCYANIC ACID. 

{1} Hake a. portion of the prepared iohitwa aJkaliiie with NaOH, add a few 
drops of FeSO, solution and boil. Add a single drop of FeCl, and sddify 
with HCl. 

A deep blue color, re,(re = 0^,),, indicates HON. 

(2) Add to a portion of the prepared solutum a drop or two of yellow 
ftinmoniuiii &ulfid and boil for a few minutes. Cool, acidifv with HCl aud »iA 
TeCI,. 

A red color, Fe(SCN)„ indicates HON. 

(3) Make a portion of the prepared soltttion alkaline with NaOH nnd add 
a drop of a dilute solution of mercurous nitrate, (HgNO.),, A black precipi- 
tate of raeiturous oxid, Hg.O, will form. 

If, on shaking, the black prwipitate disappears and a eray one, due to 
tnetallic Hg, ap])ears in its place, it is aii indication of the presence of HON. 




TESTS FOR HYDROSULFURIC ACID. 

(1) Treat a portion of the dry substance, or the prepared solution, with HCl 
and heat, allowing the fumes to come in contact with a filter paper moistened 
with Pb(CJI,0,),. 

A black stain, PbS, indicates H,S. 

(2) If no black stain appears in (1) and the original substance remains 
undissolved, fuse it with NaOH on a crucible cover. Place the melt on a silver 
coin and moisten with a few drops of water. 

A black stain, Ag,S, indicates H,S. 




THE ACID ANALYSIS. 



DISCUSSION OF THE TESTS FOR HYDROCYANIC ACID^ 

Since Test (1) depends upon the trausformation of the simple cyonid ion, CN, 

into the poniplex fen-ocyanid ion, (Fe = C,N,), if ferrocj'anids be pi-esent in the 
original solution, (he result of the test is obviously worthleiss. Ferrieyanic acid 
gives a deep blue color with ferrous salts, hence, if present, it will interfere 
with the test. Furthermore, if thiocyanic acid in considerable amount and traces 
only of hydrooyanic at'id are present, the intense red color due to the former will 
probably mask (he slight biue tint due to the latter, so that tests eanunt be made 
BBtisfactorily ou the solution. For similar reasons, the second method is no 
more satisfactoiT than the tirst under these circumstunees. 

Advantage is taken, therefore, of the weak acidic properties of HCN to 
separate it from the other stronger cyanogen acids which may be present. The 
solution is made exactly neutral with HCl or NaOH, and dry acid sodium car- 
bonate, NbHCOj, is added to it. Since carbonic acid is stronger than hydro- 
cyanic acid, but weaker than ferro-, ferri, or thiocyanic acids, HCN aloue will 
be set free under these conditions. On gently warming the solution HCN may 
be distilled out an9 collected in a trap containing a little water. More satis- 
factory refiults can be obtained by distilling in an atmosphere of carbon dioxid. 

Test (2) depends upon the oxidation of HCN to HSCN by the free sulfur 
contained in the solution of yellow ammotiiimi si^lfid. (See page 12(5.) 

Since hydriodic acid is osidisied slowly by fers'ic salts with the liberation of 
free iodin, a slight color due to this reaction may develop on standing if iodids 
are present. It is not likely to interfere seriously, however, as the action of 
ferric chlorid would take jilace in slight degree only. 

Te.st (3) depends on the i-eduction of mercurous oxid to the metal through the 
agency of the cyanid, as the following equations indicate : 

Hg,0 + 2NaCN + H,0 -* ( HgCN ) , -f 2NaOH 

(HgCN),^Hg(CN),-f Kg 



DISCUSSION OF THE TESTS FOR HYDROSULFURIC ACID. 

• 

Certain sulflds are not readily decomposed by HCl and therefore do not 
respond satisfactorily to Test (1). When fused with NaOH, all sulfids are 
transposed and to a large cttent oxidized to sulfates. Sufficient anoxidized 
Na,S will be present, however, to produce a stain on silver due to the formation 
of Ag,S. Oxygen is absorbed during the reaction according lo the equation : 

4Ag + 2Na,S + 0, + 2H,0 -* 2Ag,S + 4NaOH 
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QUALITATIVE ANALYSIS. 



TESTS FOR HYDRIODIC ACID. 



(1) Acidify a portion of the prepared solution with HNO„ add one to 
ecm. of CS, and treat with chlorin water, or if reducing agents are present, 
K,Cr,0„ shaking the mixture vigorously after each addition of the rea 

The appearance of a purple color in the CS, due to free iodin indicate) 



(2) Acidify a portion of the prepared solution with HNO„ add I 
and boil. 

The evolution of purple fumes of iodin producing blue color on a filter i 
moistened with starch paste indicates HI. 




HYDRIODIC ACID. 

Although chlorin water will liberate both bromin nnd iotlin from their 
respertive acids (see pa|re 200), it is to be preferred to brorain water, whieh 
liberates only iodin (see page 208), since chlorin does not eolor CS,. Since all 
iodin is liberated before any bromin ia set free, with careful manipulation no 
confusion will result even if the solution contains only traces of iodid in the 
preserve of much bromid. 

Care must be taken to avoid the addition of a large amount of chlorin water 
at the start since an excess of chloi-in will unite with free iotlin to form colorless 
iodin chlorid (see page 211), which will not affect the CS^ Hence a few drops 
of chlorin water should be added at first, followed by larger amounts later 
if an indication does not appear. The mixture should be thoroughly shaken 
after each addition. 

Certain j-educing agents, such as H,S, H,SO„ H,S,0„ HNO, especially, 
are so easily oxidized that the chlorin ia entirely absorbed by them before it 
can set free iodin from hydriodic acid. If they be i>reseut in the solution in^_ 
relatively large proportion there may be no indication of HI even after th^H 
repeated addition of the necessarily dilute reagent, ehloriii water. If these^^ 
acids are suspected or known to be present, the test may be more satifsfactorily 
performed by the use of KjCr,0, whicli will evidence hy change of color from 
yellow to green that it is being reduced. SulTicient dichronuite is added to 
cause tlie appearance of a yellow tint in the solution, thus indicating an excess 
of tlie reagent. 

Nitrous acid is somewhat soluble in CS, forming a red-eolored solution. If 
nitrites be present when Test (1) for HI is made, the CS, will take on a color 
which might be confused with the purple lint produced by iodin. Since iodin 
is six hundred times more soluble in OS, tiian in water, the color due to iodin 
cannot be removed by shaking with water. Nitrous acid is about as readily 
soluble in one as the other, however, aiid the color due to it can be removed 
by pouring off the solution from which it was extracted, washing by decanta- 
tion and shaking vigorously with a test-tube of water. Under these conditions 
nitrous acid for the most part passes into the water and the color leaves the CS,. 



2W ^^^^^ QUALITATIVE ANALYSIS. 

TESTS FOE HYDROBROMIC ACTD. 

(1) To a iwi-lion of the prepared solution acidified vrith HNO, aM li\ 
cem. of CS,, Treat with ehlorin water and shake mixture thorouglily. 

The appearance of a color in the CSj, red or yellow according' to Uw ( 
<«entr8tion of the free bromin present, indicates HBr. 

(2) Acidify a portion of the prepared solution with HNO, and add KMa(f,J 
until the solution is colored red pennanently. Ueat to boiling- ni)d cotlwt 
volatilized bromin iu a trap contaiiiine chloroform. 

A reddish -brown color indicates HBr. 



TESTS FOR HYDROCin.ORIC ACID. 

(1) Acidify a portion of the pr^purtd solution with HNO, and add AgNO, 
The fonnatioii of a cui'dy white precipitate, AgCl (readily soluble in 

NH.OH, repreeipitnted on tlie addition of HNO^ darkening in the siinli^lf, 

indicates HOI \in thy abut- nee of HCjV and HSCN). 

(2)* Evaporate some of the prepared solution to dryness, add solid KjCrfi, 
and 5 ccm. eonc. H,SO„ passing the fumes through a trap containing a drop or 
two of water. Rinse out the trap into a test-tube, heat to boilings if neoessaiy 
to remove free bromin and iodin and add a grain or two of Na^O^ 

The appearance of a transient blue color, HCrO,, at once or on acidifying 
with HjSO,, denotes the presence of HOL 



• In the presence of chlorates Test (2) is prohibited owing to the ezplosiye 
character of the mixture of chlorates and eonc. HjSO,. In order to avoid danger 
Test (1) for HCIO, (see page 304) should be made before making this test for HGL 
If chlorates are indicated, the separation of chlorids may be effected by acidifying 
a portion of the prepared solution with HNOi and adding AgNO, as long as a precipi- 
tate falls. The filtered and washed precipitate is transferred to a small porcelain 
crucible, covered with dilute HjSO, and a piece of Zn laid upon it. After 15-30 
minutes, the metathesis represented by the following equation will have taken place 
and the decanted solution may be evaporated to dryness and tested for HCl as in (2). 

2Ag01 + Zn -> ZnCU + 2Ag 



DISCUSSION 




I Since phlorin water liberates botli bromin and iodin, Test (1) cannot be 
d satisfactorily wheu both HBr and HI are present, since iodin is liberated 
t and colors the CS, purple. Under these circumstances permanganate ofiers 
a snlisfaetorj^ differentiation, since HBr is oxidized to water and fi^ee bromin 
whifh may be boiled off wliilc non-volatile iodic acid. HIO, (see page 211) ia 
bi formed from HI. Care should be taken not to boil the solution too vigo!'ously 
f lest the beat from the steam vaporize the chloroform — boiiing-point 61.5°. 



DISCUSSION or THE TESTS FOR HYDROCHLORIC ACID 



Under the conditions of the experiment, HCl, HBr and HI are all oxidized 
to water and the free halogen. Iodin and bromin are volatilized but ehlorin 
unites with the chromic acid anhydrid, OrO„ formed by the dehydrating ac- 
tion of cone. HjSO, on KjCrjO,, to produce chloro-ehromic anhydrid, CrOjCl, 
(see page 196). Since the latter compound boils nt 116° it is necessary 
to beat quite strongly to drive it into the trap where it reacts with water 
to form HCl and H,Cr,0,. Inasmuch as HjCr,0, is more readily detected 
than HCl under the conditions of the experiment, generally the fonner is 
tested for by Na^O, and its presence considered as indicating the presence of the 
latter also. Care should be taken to prevent the liquid in the test-tube from 
being carried mechanically into the trap by spattering, jis this would give a 
test not due to the volatilized CrO.Cl,. 

If it is necessarj' to make tests for HCl, HBr and HI from the same por- 
tion of solution, the use of cblorin or bromin water has to be avoided since 
these reagents introduce into the solution two of the acids to be tested for. It 
is necessary, therefore, to detect HI according to the second test as given under 
hydriodic acid, then HBr according to the second test for hydrohromic acid 
and finally HCl from the resulting solution evaporated to dryness. 



TESTS 



NITRIC ACID. 



I 

! 



(1) Saturate a portion of tlie water extract of the original snbstanc 
FeSOj and pour cone. H,SO, down the side of the inclined test-tube in sue 
manner that the acid will underlie the solution. 

Tlie formation of a dark linfr. due to (FeSOJ,.NO, on the line of Bepartt 
of the two liquids indicates HNO, (i"» absence of HNO,). 




(2) Acidify a portion of the prepared solution with H,SO, and hent, add 
KI drop by drop, to the hoiling solution until all iodin and oxids of nitrogen 
driven off. Then make the solution strongly alkaline with NaOH and boil out 
NH, that may be present. Add a mixture of finely divi<led iron aud zinc^ «! 
little Devarda's alloy, and boil again. 

The evolution of NH,, rwognized by its odor or art ion on red litmii 
c&tes the presence of HNO,. 




(3) Evaporate a portion of the prepared solution almost to dryness i 
cool. Add three times ita volume of cone. H,SO, and a drop of the bro 
solution. 

A red color, changing to yellow and possibly green, indicates HNO, (in 
absence of ECIO,). 



«/^ 




Test (1) serines for the dettrtioti of iiitrie acid in the preseuce of nil other 
acids with the exceptions of nitrous acid (which gives the same test) aud of the 
interfering substances noted below. 

Test (2) removes HNO., the oiily other acid that will give the same reaction 
and, therefore, may be used to detect nitric acid in the presence of any other 
acids. 

Test (3) will detect nitric acid in the presence of nitrous acid and of anj 
othci's except chloric acid. 

lodids, bromids, ferrocyanids, ferricyaniJs atid oxidizing agents in general 
iuterfere with Test (1). In contact with cone. H^SO, hydrobromic and hydriodic 
acids are oxidized with the liberation of iodin and bromin which produce a 
similar coloration. The ferrocyanid and ferricyanid ious form blue precipitates 
with the ferrous ion, making the test verj' indefinite. Chromates, dicbromates 
and permanganates interfere because of their color. 

Ill solutions ordinarily met with in qualitative analysis ferrocyanids and 
ferricyanids, chroinates, and permanganates are not likely to be present. In 
many kinds of work bromids and iodids occur very rarely. Hence the test 
is a valuable means of detecting the acids of nitrogen, one or both, and is the 
method most generally useil. Although the interfering acids may be remove<^^ 
fi-oni solution, if present it is more satisfactory lo use the other tests. ^^ 

Test (1) depends upon the reduction of nitric (or nitrous) acid by mean^™ 
of ferrous sulfate and the interaction of the reduction pi'odupt, NO, with the 
same reagent. (See page 151.) 

Test (2) depemls upon the fact that zinc and aluminum are acted upon by 
alkaline hydro.xids, fomiing sodium zincate, Na^ZnOj, or sodium aluminate, 
Na,AIO„ and nascent hydi'ogen (see pages 102 and 115). The iron mixed with 
the zinc, or the eopper in the alloy forms an electrolytic cotiple within the 
solution and aids the reaction. Nascent hydrogen acting on nitric acid under 
these eondilioiis reduces it lo ammonia. The presence of other oxidizing agents 
may delay but camiot prevent the fnmiation of ammouia. 

Although nilrtius acid reacts readily with hydriodic acid and is rapidly 
destroyed (see page 211) as in Test (2), some smalt part usually decomposes into 
nitric acid and nitrogen dioxid according to the regular reaction in water 
solution {see page 148). Hence in solutions containing nitrous acid only, traces 
of nitric acid are frequently indicated. If to the neuind or alkaline solution to 
be tested a relatively large amount of cone. H.SO, is added, thi.-; formation of 
nitric acid does not take place. Brticin does not irspond to nitrons acid and 
sim« the fonnation of nitric from nitrous acid is prevented, Test (3) becomes 
the method of last resort for the detection of nitric acid in the presence of 
niti-oua acid. 
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QUALITATIVE ANALYSIS. 




TESTS FOR NITROUS ACID. 

(1) Saturate a portion of tbe water extract of the originBl eubst; 
VcSOf and make sligbtly acid with aeetic aeid. 

A daric brown color, {FeSOJj.NO, indicates HNO,. 



ai^y 



(2) Addify a portion of the prepared solution and add a few drape 
^Moyknediamin in HC1 aolution. 
A TeUcvw color indicates HNO,. 

(3J| Kake a portion of the prepared solution neutral and add 1 Rem. oj 
aaTfaafflff ai'id mixture. 

And oclor indicates HNO,. 




TESTS FOR ACETIC ACID. 

(1) Treat some of the dry substance with 1-2 cem. of the ordinary e 

atoohol, or -with amyl alcohol, and 5 rem. of eonc. H,SO, and warm (not hi 

The evolution of the characteristic ethereal odor indieatc a H( 

yj — " 
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(2) To the neutral solution to be tested add FeCl,. 

The appearance of a deep red color strongly indicates acetic acid, the p 
ence of which may be confirmed by diluting the solution abundantly and boil 
A red precipitate, Fe(C,H,0,)(OH)^ indicates H(C,H,0,). 




» 



Teat (1) for nitrous acid is verj- similar to Test (1) for nitrie acid (eee pi 
300), the difference being only in Hie strength of the aeid used to acidify ti 
solution. Nitrons acid is weaker than acetic acid, hence is liherated by it and 
reads characteristically. Nitric acid, which reacts similarly to nitrous acid 
(see pages 149 and 151), is much stronger than acetic acid, hence is not set free. 
With acetic acid, therefore, the dark eolor indicates HNO, alone; but when 
suLfurie acid is used, UNO, as well as HNO, is set free and the color may be 
due to either. With the exception of HBr (which is not oxidized by HNO,) 
the same substances that interfere with Test (1) for nitric acid hinder this test 
for nitrous acid also. 

The colors developed in Tests (2) and (3) are due to characteristic reactions 
of nitrons acid {see pa^ 149). Nothing will interfere with these reactions. 
Should an indeftnite indication be obtained because of very dilute solutions, it 
may be advisable to make a blank test to make sure of the indication. Acidify 
about 20 ccm. of water with HCl, add a few drops of the reaoreut solution and 
divide equally between two test-tubes. To one add the solution to be tested. 
The dei'elopment of a tint in the test-tube to wliich the unknown solution wfls 
added indicates the presence of nitrous acid in it. 
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DISCUSSION OF TESTS FOR ACETIC ACID. 



I 



Test (1) depends upon the formation of ethyl or amyl acetate by the union 
of acetic acid w^ith tlie corresjionding alcohol. Alcohols arc organic bases — 
hydrosids — and in the reaction with acids water is set free just as with inor- 
ganic bases. 

(C^.)OH + H(CAOJ -.{C,H.HC^A) +H.0 

e lb }> I ol conol ei h y 1 acetate 



(C.H ) OH + H(C^A) -» (C.H,.) (C3H.O,) + H.0 
amy] akoliDl amyl acetate 



1 



Concentrated HjSO, is added to liberate acetic acid from its salts and to 
unite with the water fonned during the reaction and iirevent reversal (see 
page 23). 

It is necessary that the eharacteinstic odor of ethyl and amyl acetates be- 
come familiar to the obser\'er in order that he may differentiate it clearly from 
the odor of ethyl or amyl alcohol. If necessary a blank test may be made. 

Test (2) depends upon the hydrolysis of ferric acetate in a si>lution slightly 
aeid with acetic acid. In oi'der to keep fenic salts in solution it is necessary 
to add a little free acid. When a feme salt is added to a neutral solution of an 
acetate, therefore, the free acid pi-escnt, usually HCl, liberates a little acetie 
acid and fomis a corresponding amoinit of chlond. The amount of free acid 
is therefore the determining factor in the success of this te.st. Care must be 
taken that the solution before the addition of the feme salt is not alkaline btit 
distinctly neutral. If alkaline, ferric ljydn).xid may be precipitated and fur- 
nish no indication at all of the presence of acetie acid. If the solution bo acid 
ferric acetate may not be formed at all and so not give the red color to the 
sohition. At an.y rate, if the sotution is too acid, the precipitation of basic 
ferric acetate would be prevented. 

Other organic acids, not included in this manual and rarely met with in 
analysis, when similarly treate<l, separate basic ferric salts indistinguishable 
from the basic acetate. 
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QUALITATIVE ANALYSIS. 



TESTS FOE CYANIC ACID. 

(1) Neutralize a portion of tlie prepared solution and eoncetitrate lo 1 1 
small bulk. Add 1 to 2 ccni, of a strong solutimi of cobalt aoelate, Co(C^O,L 

A blue eoloration due to K,(CoO,C,N,), ai)(>earing at onre or on tlie aiit-\ 
tion of an equal volume of alcohol, indicates HOCN (in the absence of HSCS). 

(2) If not already so, make a portion of the prepared solution aikalimj 
■with NaOH and boi! until NH, (if present) is entirely removed. Cool, 
the solution with H^SO, and test the gas evolved for CO,, liberal t-d on acid 
a solution I'tmtaining a pyanate. Hoil until all H^S (if any be present) has b««1 
driven off along with CO,. Make the solution alkaline with NaOU and boil, I 
testing' the gas evolved with red litmns paper or mert.'urous nitrate on a filttp] 
paper. 

The turning blue of the litmus paper or the production of a black stain with^ 
mercnrous nitrate is due to NH, set free by the decomposition of HOCN. 



TEST FOR HYPOCHLOROUS ACID. 

Make a portion of tlie a<:[ueou8 extract of the original substance stronglT 
alkaline with NajCO, and add 3-5 drops of IHCjH,Oj), shaking thoroughJjr 
after each drop. Care should be taken not to add acetic acid in suilieient quan- 
tity to produce a ninrked effervescence or to make the solution acid. Insert a 
piece of litmus paper, 

Hleaching of the litmus indicates HOCI (in the absence of HMnO,, whicb 
may he recognized by its color). 

If HOCI is present, it may be recognized by the characteristic odor of llii» 
solution — like that of " bleaching salt." 



TESTS rOH. CHLOHIC ACID. 

(1) To a small portion of the dry substance (cowtion.' — use a few 
only) add eonc. H.SO, and warm gently. 

A slight e.xplosion or crackling due to CIO, indicates HCIO,. 

(2) Acidify a smidl portion of the prepared S'^hilkm with HNO,, heat to boil 
ing and add Ag-NO, until precipitation ceases. Shake thoroughly to costg 
the precipitate, filter and to the clear filtrate add solid Na,SO, until tbe odor of] 
SOj is apparent. 

A -white precipitate, AgCl (insoluble in boiling water to which a little HNO ■ 
is added, but readily soluble in NH.OH), indicates HCIO,. 



THE ACID ANALYSIS. 
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DISCUSSION OF THE TESTS FOR CYAOTC ACID. 

Since tlie test with eobnlt acetate (see page 128) is not given by cyanates in 
tbe presence of cyniiids, thesie are removed {if present) by passing CO, througli 
the neittral solution for from 15-90 mitiutes, the time necessai'y being dependent 
upon the amount of eyanid present. Under these coudittons hydroeyaiiic acid 
is set free (see page 205) and swept from the solution by the carbon dJoxid, 
while the oyanatc is not appreciably affeeted. 

Since thiocyanates give the test with cobalt acetate as well as the cj'anates, 
in the presence of thiocyanates the indication is equivocal and resort must be 
had to the second test. Any ammonium salts present in solution will he broken 
up and removed on boiling the alkaline solution. On acidifying, the eyanate is 
deconifiosed into NH, which unites -witb the excess of acid and remains in solu- 
tion, while CO, is di'iven off. Of course the presence of carbonates would lib- 
erate COj so that its detection would not indicate the presence of eyanatea ex- 
cept in the absence of carbonates. In any case it is better to eonfinn by testing 
for NH, on making the solution alkaline. Mercurous nitrate can he used with 
advantage to detect the presence of NH, (see page 110), since all H.S (which 
also produces a black stain) should be removed by boiling the acid solution 
until it gives no stain on lead acetate paper. 



DISCUSSION OF THE TEST FOE HYPOCHLOROUS ACID. 

All hypochlorites are soluble and will therefore be found in the aqueous ex- 
tract. Silver hypochlorite docomposes, however, into silver cblorid and chlo- 
rate (see page 205). Conseqnently, unless a precipitate is obtained with AgNO, 
in the preliminary testing for acids, hypochlorites are not present. 

The test depends upon the fact that, HOCl being very weak, is set free 
from its salts by the carbonic acid liberated by the interaction of acetic acid 
and sodium carbonate, even though the solution is alkaline in reaction due to the 
presence of acid carbonates of the alkah metals (see page 204). 



DISCUSSION OF THE TESTS FOR CHLORIC ACID. 

Test (I) depends on the formation of CIO, which decomposes explosively 
into its elements. Chloric acid is at first set free and then breaks down, accord- 
ing to the equation: 

3HC10, -^ HCIO. + H.0 + 2CiO, -» CI, + 20, 

Care must be taken to use only a few grains of the substance to be tested 
as serious explosions i*estilt from the interaction of chlorates and sulfuric acid 
in too large amounts. 

Test (2) depends upon the reduction of HCIO, to HCI by sulfurous acid, 
Chlorids and hypochlorites are removed from the solution by the addition of 
tbe Ag ion in excess. After filtering, the sulfite is introduced. If a furthcT 
precipitate of AgCl falls, it is due to HCIO,, for HCIO, is not decomposed by 
ordinary reducing agents. White Ag,SO, or Ag.SO, may be precipitated from 
the concentrated solution, but either will dissolve readily when boiled with water 
containing a little HNO.. 

21 



AgNO, if a precipitate has not already formed. 

A white precipitate of AgCl (soluble in NH^OH and darkening in 
indicates HOIO.. 

* The directions for making the test for perchloric acid ap to this 
identical with the test for chloric acid (see page 304). Time may be saved, 
by testing for perchloric acid immediately after testing for chloric aei( 
tinning the treatment as further directed. 



TEST FOR PERMANGANIC ACID, 

If the aqueous extract of the original substance is colored red, 
portion with H,SO, and add Na,SO,. 

Bleaching of the red color indicates the presence of HlCnO^. 



TESTS FOR HYDROGEN PEROXID. 

Treat a portion of the finely powdered substance with dil. H,S( 
gently and stand aside for 10-15 minutes, shaking vigorously from 
time. Filter clear and use the filtrate in making the following tests, 
original substance is already in solution, acidify a portion with H,SO^ 



xi-;_ ait. 
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THE ACID ANALYSIS. 



DISCUSSION OF THE TEST FOE PERCHLORIC ACID. 
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After the deeomposiMon of hypoehlorites and ehlorales into chlorida and 
the removal of the latter as AgCl, the solution can eontaiu no other acid of 
chlorin than HClOj. By evaporation and ignition of the resulting filtrate, the 
perchlorate is decomposed into the cMorid and oxj'geu. By the treatment with 
NbOH, any excess of AgNO, that is present will be precipitated as the hydroxid. 
This decomposes at once into the oxid and this on heating into metallic silver. 
By hoiliug with HNO,, AgNO, will be formed again and a precipitate of AgCl 
under these circumstances will indicate HCIO,. If no precipitate is seen, it is 
safest to add a few drops of AgNO, to be certain that the Ag ion is present. 



DISCUSSION OF THE TEST FOR PERMANGANIC ACID. 

If permanganic acid is present during the Basic Analysis, it will be reduced 
by H,S to the divalent basic condition and detected in Group III. If man- 
ganese is not detected in the Basic Analysis, it is unnecessary to test for the 
presence of HMnO, among the acids. 

/ 



DISCUSSION OF THE TESTS FOB HYDROGEN PEROXID. 

Of the commoner peroxids (salts of H,Oj) Na,0, and K,0, are soluble in 
water. Others are more or less soluble in acids, but require careful treatment 
iti order not to decompose the H,0, formed. For this reason heating is to 
be avoided. 

Test (1) depends on the oxidation of titanium from the tetravalent to the 
hexavalent condition which is characterized by the deep orange-red color. 

Test (2) depends upon the interaction of hydrogen peroxid and ferricyanic 
acid by virtue of which both are reduced, the former to water, the latter to 
ferrocyanic acid. This last substance reacts with the ferric salt to produce 
Prussian blue. Oxygen is liberated by the interaction of H,Oj with 
H,(Fe ™C^,) ea the equation shows: 

2H,(Fe - C.N,) + H,0.^ 2H.(Fe = C^.) + 0, 

Test (2) is obviously not applicable in the presence of ferrocyanic acid or of 
large amounts of thiocyanic acid. 





aeposiiea on me eooier pans oi tne t«st-tube lUdie 

(2) Nitrogen. Ipiite a portion of the substance with a small { 
metallic sodiiun in a tube of hard glass. Drop the tube while still lio( 
beaker containing 20 or SO ccni. of water. Boil aiid filter. Add to the 
a small crystal of FeSO,, and a drop of FeCl,. BoU for a few 
acidify. 

A deep blue color, Fe,(Fe = C^,)„ indicates N. 



IT mini| 
sodjm 



(3) Sulfur. Ignite a portion of the substance with metallic 
(2), Boil out with wafer, filter and divide the eoJufioii. 

(a) Into one portion drop a bright silver coin and allow to stand f( 
time. 

Light brown stain of Ag,S indicates the presence of S. 

(b) To the second portion add a few drops of a solution of 
ferricyanid, Na.Fe(CN},NO. 

A purple color indicates S. 

(c) Slightly acidify a third portion with H(C^,0.) and add Pbl 
Black precipitate, PbS, indicates S. 






(4) Ohlorin, Bromin and lodin. Ignite a portion of the substani 
test-tube with lime. Cool, boil out with water and filter. 

(a) To a snial) portion of the filtrate add HNO, and AgNO^ 
A precipitate, AgGl, AgBr or Agl, indicates CI, Br or I, 

(b) In case a precipitate is obtained in (a), use the remainder of tl 
Hon to determine what membei's of the halogen group are present, aa 
to the methods outhned on page 299. 



(5) 
the 



Phospboms, 

evolution of 



Boil a portion of the substance with cone, HNi 
brown fumes indicates that oxidation is takia 



i 



.,^^^^-+- t- 4- 



-_-1 --J ^.,-j.^^^i. 



Au * i:ii.i^ j:i 




The tests given in the regular analysis are tests for ions, or in a few eases, 
for free elements (CI, Br, I, etc.). Since organic compounds do not generally 
ionize, they will not respond to tlies« tests. In order to determine the constitu- 
ents of these bodies, it is necessary to decompose them into substances which 
will rendily ionize or substances for which definite tests are known. Thus, C, 
H, juid P are recognized by their oxidation products, CO,, HjO, and H,PO, 
Sulfur contained in organic compounds is clianged to sodium sulfld which gives 
tests for the suMd ion. Similarly the halogens heated with lime are elmiiged 
into compounds which readily ionize. 

The test for carbon and hydrogen depends upon the oxidation of the sub- 
stance with copper oxid and the formation of CO, and water. Since all 
organic compouniLs contain carbon and practically all of them contain hydrogen, 
this test is of significance only as detcrmiuing whether or not a substance is of 
organic nature. 

The test for nitrogen depends upon tlie fact that whenever organic material 
containing both carbon and nitrog^eu is heated with an alkali metal, a cyanid is 
formed. When an alkali cyan id is boiled with a feiTous salt, potassium ferro- 
cyanid is formed (see page 127), which with the ferric ion gives Prussian blue. 

Free sulfur or sulfur contained in organic compoinids, when heated with 
metallic sodium, forms sodium sulfld. According to the amount of sulfur pres- 
ent in the original substance, indications may be obtained with the various 
reagents mentioned. The test with the silver coin is more delicate than the 
other two and will indicate a trace of sulfur when no evidence would be obtained 
by the second or third tests. Sodium nitro-ferricyanid will respond to the 
presence of appreciable amounts of sulfur, while lead suIfid will not be precipi- 
tated except in the presence of considerable amounts of sodium sulfid due to a 
high percentage of sulfur in the original substance. 

In the decomposition of the organic substance due to heating, any halogens 
present will unite with the lime to form calcium compounds, whicii will then 
give the ordinary test.^ for the halogen ions. 

By heating with cone, nitric acid an organic substance may be completely 
oxidized, any jyhosphonis present being changed to phosphoric acid, which will 
give any of the regular tests. 
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REAGENTS IN SOLUTION. 



Adds. 



Hydrochlodc, HCl, concentrated — 






Sp. Gr. 1.190 


37.2% 


HCl 


12.1N 


1.195 


38.2 




12.5N 


1.200 


39.1 




12.9N 


dilute 






4 N 
4 N 

4 N 


Nitric, HNO., concentrated- 


— 






Sp. Gr. 1.42 


69.8% 


HNO, 


15.7N 


dilute 








Sulfuric, H,SO,, concentrated— 






Sp. Gr. 1.839 


95 % 


H,SO. 


35.7N 


1.840 


95.6 




36 N 


1.841 


97 




.36.5N 


dilute 






4 N 
4 N 
4 N 


Acetic H(0;i,O,), dUnte 






4 N 



Hydrofluoric, HF, concentrated, 40% 



Volume to be diluted to 1 litre. 



330 ccm. of 37.2% acid. 

320 ccm. of 38.2% acid. 
311 ccm. of 39.1% acid. 



254 ccm. of 69.8% acid. 



112 ccm. of 95 % acid. 
Ill ccm. of 95.6% acid. 
110 ccm. of 97 % acid. 
277 ccm. of 80 % acid. 



266 ccm. of 28.3% sol. 



Alkalies. 

Ammonium hydrozid, NH.OH, concentrated — 

Sp. Gr. 0.90 28.3% NH, 15 N 

dilute 4 N 

Alkalies (cont.) : 



Potassium hydrozid, KOH. 4 N 

The material used for analsrtical 
purposes contains about 20% water. 
Hence the amount necessary for a 
solution four times normal is (56.2 X 
4) X 5/4 = 281. 



i Not in one litre of water. The substance should be dissolved in a quantity of 
distilled water sufficient for the purpose and the resulting solution then diluted to 
1000 ccm. with distilled water. 
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Grams of 

Sutntance 

in One 

Litre of 

Solution. J 

281 




Sodium hydroxid, NaOK 

The material used for nnalytieal 
piif poses contains about 10% -water. 
HeiiPe the amount necessary for a 
fiohitiou four times normal is (40 X 
i) X 10/9 = 177.7. 

Other Reagents in Solution or in liiaid Form. 

Alcohol — aniyl 

- — ethyl, or ordinary 

— methyl, or wood 
Altuninuin c blond, AlCI,,(iH,0 

—alum, KA1(S0,},.12H,0 
Ammonium acetate, NH.(C^O,) 4 

—carbonate, (NHJ.CO^ (se« page 318) 
abont 4 

— ehlorid, NH.Cl 4 

— molybdate, (NHjMoO,, (see page 318) N 

—oxalate, (NH.}.C,0,.H,0. about 

— sulfid (colorless), {NH.),8, (see 
page 318), about 

— polysulfid (yellow), (NHJ.SXS. 
(see page 318) 
Aqua regia, (see page 43) 
Barium eblorid, Ba<'l,.2n,0 

— hydroxid, Ba(6H),.8H,0, about 
Bromin water, about 
Brncin, (see page 319) 
Calcium ehlorid, CaCl, 

—hydroxid, Ca(OH)„ "lime water," 
about 

—sulfate, CaS0..2H,0, about 
Carbon disulfid, CS, 
CUorin water, about 
Chloroform 
Cobalt acetate, Co(C^,0,).4H,0 

—nitrate, Co(NO,),.6H,0 
Ether 

Ferric ehlorid, FeCl,* 
lodin water, (see page 319), about 
Lead acetate, Pb(C^30,).3H,0* 
" Magnesia mixture," (see page 319) 

* Should contain a little free acid. 

t Saturated solutions should be made by allowing the solvent to stand in contact 
with the solute for considerable time, the mixture being shaken occasionally. After 
settling thoroughly, the clear solution should be decanted or siphoned off into another 
bottle for use. 



N 


1212 


N/3 
N/2 


sat S0I4 
sat. 80I4 


N 


55.6 


N/22 
N/33 


sat S0I4 
sat S0I4 


N/5 


sat soL 


N 
N 


124.5 
147.8 


N 

N/4 
N 
N 


54.1 
189.5 
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Manganese chlorid, MuCl,.4U,0, (see 
page 319) 

Mercuric chlorid, HgCl,, about N/2 sat. sol.f 

Mercnrons nitrote, (HgNO,),, (see page 
31t)) N/2 136.7 

Phenyl enediamin, (see page 319) 

Potassium obromate, K^CrO, NT 97.3 

— cyajiid, KCN N 65.2 

— dichromate, K,Cr,0, N 73.8 

— ferricyanid, K,(Fe " C.N.) N 109.8 

— ferrocyanid,K,(Fe=C^,) N 105.7 

— iodid, KI N 166.2 

— nilrite, KNO, N 85.2 

— permanganate, KMnO, N 76.1 

— thiocyanate, KSCN N 97.2 

Silver nitrate, AgNO, N 169.9 

Sodium acetate, Na(C,H,0,) 4 N 328 

— carbonate (dry), Na,CO, or about 4 N sat. sol.J 

—carbonate (crystals), Na.CO,-10H,O 4 N 572 

— nitropniBsid, Na,(Fe ■ C,N,NO) 

.2H.0, 5 gr. in 100 ccm. 11,0 
—phosphate (acid), Na^P0..12H,0 N 119 

— stannite, Na,SnO„ (see foot-note, 

page 254) 
— aulfid, Na,S, 10 gr. in IM ccm. H.O 
—sulfite, Na,SO,.SH,0 N 135 

Sodium thiosulfate, Na,S,0,.5H,0 N 124 

Stajinic ehlorid, SnCl^ (see page 319) N/2 32.7 

Stannous ehlorid, SiiCl,, cuucentrated 
used in BetlendorfiE test for arsen- 
ioiis acid, (see page 319) 
—chlorid, SnCI,.2H,0, (see page 319) N/2 56.5 

Starch solution, (see page 319) 

— iodid solution, (see page 320) 

SulfanUic acid mixture, (see page 320) 

Titanium sulfate, Ti(SO.)„ 10 grams to 
100 ccm. H,0 

Zinc acetate, Zn(CAOJv'H,0 N 154.7 

Salt Solutions. 

Uuminum rhlorid, AIC1..6H,0 N/2 40.3 

-nitrate, A1(NO.)..9H,0 N/2 625 

—potassium sulfate, KA1(S0.)..12H.0 N/2 79 

} Saturated solutioua should bo made by allowiBg the solvent to stand in contact 
rith tlie Bolute for considerable time, ttie mixture being simken occasionally. After 
ettlinn thorooglily, the clear solution should be decantwl or siphoned ofT into another 
(ottle for use. 
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Ammonium chlorid, NH.Cl 


N/2 


2SJS 


—nitrate, NH.NO, 


N/2 


40 J 


—sulfate. (NH.),SO, 


N/2 


^J 


Antimony trichlorid, SbCl,, (see page 318) 


N/2 


aism 


— peiilarlilorid, SbCl,, (see page 318) 


N/2 


294a 


Arsenic trifhlorid, AsCl,, (see page 31S) 


N/2 


3(U 


— jjeiitaohlorid, AbCI,, (gee page 318) 


N/2 


25.1 


Barium eiilorid, BaCl,.2H.O 


N/2 




—nitrate, Ba(NO,), 


N/2 


Biamnth ehlorid, BiCl,, (see page 318) 


N/2 


S2i» 


—nitrate, Bi(NO,),.10H,O, (see page 319) 


N/2 


9S,8 


—sulfate, Bi,(SOJ., (see page 319) 


N/2 


57J 


Ciuiminm ehlorid, CdCl,.2H,0 


N/2 


54.9 ]■ 

77.1 ■ 


—nitrate, Cd(N0.),.4H,0 


N/2 


—sulfate (CdS0,},.8H,0 


N/2 


64J 


Oalcinm ehlorid, CaCl, 


N/2 


27ii 


—nitrate, Ca(NO,), 


N/2 


41 


i Chromium nitrate, Cr(N0,).,9H,0 


N/2 


06.7 J 


i — snlfate, Cr,(SO.),.flH,0 


N/2 


41.7 m 


—potassium sulfate, Krr(S0.)_12H,0 


N/2 


8&2I 


Cobalt acetate, Co(CJ1.0.)..4H,0 


N/2 


e^aM 


—ehlorid, CoCl,.«H,0 


N/2 


aflJi 


—nitrate, Co(NOJ,.(lH.O 


N/2 


72.7 


—sulfate, CoS0..7H,0 


N/2 


70.3 


Copper chlnrid, Cun,.2H,0 


N/2 


*Z.9 


—nitrate, Cu(NO,)^6H.O 


N/2 


73.9 


— snlfnte, CuS0..5H,0* 


N/2 


62.4 


Temc rhlorid, FeCl, 


N/2 


27.1 


—nitrate, re(N0,),.9H,0 


N/2 


673 


-sulfate, Fe.{SOJ,.xH,0, about 


N/2 


84.7 


Ferrous ehUmd. FeCl,.4H.O 


N/2 


4fiS 


snlfate, FeSO.JH.O' 


N/2 


69j 


Lead acptiite, Pb(r3.0J,.3H.O* 


N/2 


5M.S 


I —nitrate, Pb(NO,), 


N/2 


82.S 


L Lithium rlilorid, LiCl 


N/2 


21.3 


^H —nitrate, UNO, 


N/2 


34.,5 


V —sulfate, LiSO. 


N/2 


27JV 


' Magnesium ehli.rid, MgC1..6H,0 


N/2 


50..q 


1 —nitrate, Msr{NO,)XH,0 


N/2 


64.1 


—snlfate. MgS0..7H,0 


N/2 


61.6 


Manganese ehlorid, MnCU.4H;0 


N/2 


49o 


-nitrate, Mn(N0,).iH,6 


N/2 . 


71 J? 


—sulfate, MnS0..4H,0 


N/2 


.'>o..<J 


^^ Uercuric ehlorid, HgCl,, about 


N/2 aat. sol* 


^^f * Sboald eontaiu a little free Ei«id. 






^^ } Saturated stdutiniis Bhoutd Yk> mnAc hj allowing the solvent to sttind in 


contact 


1 with ttie soKite for eonniilerahle time, the mixture 


being shaken occasionallv. 


Aft*r 


1 Bettling tliorougblv, the cleat Bolatioa should be decanted or siphoned off into 


anotber 


U ^""- 

V 


^^ 


^ 
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—nitrate, {Hg(NO.)J,.H,0« 


N/2 


83.3 


Mercurous nitrate, (H&NO,}r2H.O, (see page 


319) N/2 


135.5 


Nickel i-hlorid, NiC),.6H,0 


N/2 


^iH 


—nitrate, Ni(N0J,.6H,0 


N/2 


72.4I^H 


snlfate, NiS0,.7H,0 


N/2 


70.2 ^ 


Fotafiflium arsenate, K^AsO, 


N/2 


36.4 


— arsenite (meta), KAsO, 


N/2 


24.4 


■ — bromid, KBr 


N/2 


59.6 


—chlorate, KCIO,, about 


N/2 


sat. sol.f 


— <.hlorid, KCl 


N/2 


37.3 
48.7 


— chromate, K,CrO. 


N/2 


Potassium eyaiiate, KOCN 


N/2 


40.6 1 


— cyanid, KCN 


N/2 


32.6 


— dichroraate, IVjCfjOt 


N/2 


36.9 J 


— ferrieyanid, K,(Fe=C,NJ 


N/2 


54J»-^J 


— ferrocyanid, K. ( Fe = C,N, ) .3H.0 


N/2 


S2.0^^ 


— fluorid, KF 


N/2 


29J 


— iodid, KI 


N/2 


83a 


—nitrate, KNO. 


N/2 


50.6 


—nitrite, KNO, 


N/2 


42.6 


— permanganate, KMnO, 


N/2 


39.6 


—sulfate, K,SO. 


N/2 


43.6 


— suittd. K,S 


N/2 


27.6 


—sulfite, K.S0..2H,0 


N/2 


48.6 


— tbiocyanate, KSCN 


N/2 


4S.6 


Silver nitrate, AgNO, 


N/2 


84.0 


Sodium acetate, Na(C,H.0,),3H,0 


N/2 


68 


—arsenate, Na,HAs0..12H,0 


N/2 


67 


— arsenite (meta), NaAsO, 


N/2 


21.7 


—borate (tetra), Na.B,O,.10H.O 


N/2 


15.8 


— bromid, NaBr 


N/2 


51.5 


— earboiiate (dry), NajCO, 


N/2 


26^ 


— earbotiate (crystals), Na,CO,.10H,O 


N/2 


71.5 


— chlorid, NaCl 


N/2 


29.3 


— fluorid, NaF 


N/2 


21' 


—oxalate, Na,C,0. 


N/2 


33.5 


—phosphate (acid), NaJIP0..12H,0 


N/2 


69.5 
42.5 ^H 


— nitrate, NaNO, 


N/2 


— u it rite, NaNO, 


N/2 


— silicate, Na,SiO, 


N/2 


30j6 1 


— silicofluorid, Na,SiF„ about 


N/14 


sat. soLt 1 


* Should contaiu some free acid. 






t Saturated solutions should be made by allowing the solvent to atand in conUct I 


with the Bolute for considerable time, the (nixture being sliaken occasionally. After 1 


Bcttling thoroughly, the dear solution should be decanted or aiphoaed off into another J 


bottle for use. 




^J 
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Sodium snlfnte, Na.SO..10H,O 

-^lulfid, Na,S 

— suiate, Na.S0..8H,0 

—tartrate, Na,(C.H.0,).2H,0 

—potassium (art rate, NiiK(C,H,0,).4H.O 

— thiosulfale, Nn,K,0,.,^H,0 
Stannic ehlorid, SnCI., (see page 319) 
Stannous chlorirl, SnCI,.2H,0, (see pa^ 319) 
Strontium ehlorid, SrCl, 

—nitrate, Sr(N0,),.4H,0 
Zinc chloriii, ZnCl. 

—nitrate, ZnfN0,),.6H,0 

—sulfate, ZnS0..7H,0 



N/2 

N/2 



SI 

n 

a 

?! 

34 
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Reagents BeqnirinK Special Methods of Preparation 

Ammonium carbonate. Dissolve 192 grams of the solid in 80 ecm 
NH,OH and 500 ccm. of water, and, after solution is complete, dilut« to 1 lii 
with water. 

Ammonium molybdate. Dilute 150 ccm. of cone. NH.OH with an eqi 
volume of water and dis-^solve in this muiture 72 granis of molybdie acid anb 
drid, MoO,. Dilute 250 com. of cone. HNO, with twice its volume of water m 
pour the first solution slowly into the second solution, stirring constantly, A]l< 
to stand in a warm place for a day or two, decant the clear liquid abo'V 
prcnipitate that may have formed and dilute to 1 litre. 

Ammonium sulfid. Saturate a volume of cone. NH.OH with HjS by 
the {;ns into the liquid until it is no longer absorbed. Add a volimje ot eoi 
NH,OH eqna! to the resulting solution and dilute with three volumes of wafe 

Ammonium polysulfid. " Yellow ammonium sulfld " is made by dissolvi 
about a prani of finely powdered sulfur in each litre of the above solution 
diluting it. After the sulfur has dissolved it may be diluted with an eqi 
lime of water. 

Antimony pentachlorid. Dissolve 29.8 grams of SbCl, in 400 ccm, of «m 
HCl mixed with an equal volume of water. After the solution is comple 
dilute to 1 litre. Or. dissolve 32 grauis of Sb.Oj in 400 ccm. of cone. HCl nag 
with 400 ccm. of water and dilute to 1 litre. 

Antimony tricHorid. Dissolve 37.6 grams of the erystals in 250 cem. or 
HCl mi.ted with an equal volume of water. After solution is complete dilute 
1 Utre. 

Arsenic pentachlorid <?). Dissolve 36.4 grams of K,HAsO, in water, a^di 
ccm. of cone. HCl and dilute to 1 litre. ^H 

Arsenic trichlorid. Dissolve 33 grams of Ah,0, in 50 ccm. of eonc.^i 
diluted with 10 timefl its volume of water. When the oxid has entirely dissolvf 
dilute to 1 litre. Or, dissolve 24.4 grams of KAsO, in water, add 50 
cone. HCl and dilute to 1 Hli-e. 

Bismuth cMorid. Dissolve 52.3 grama of the crystals in 250 ccm. of waj 
to which 100 eeni. of cone. HCl has been added and dilute to 1 litre. 



f wafe 
issolvi 
n be£^ 



1 HUM 





Bismuth aitrato. Dissolve 95,8 grams of Bi{NO,),.10H,O or 50.8 grams of 
the " subtiilrate," BiNO,(OH)j, in 250 cem. of water mixed with 50 ccm. of cone. 
HNO,. When solution is conipletc, dilute to 1 litre. 

Bismuth sulfate. Dissolve 5S.7 gi'anis of the salt in 250 ccm. of water mixed 
with 25 eeni. cone. H.RO, and, when tmlution is complete, dilute to 1 litre, 

Brucia. Dissolve about 1 gram of the substance in 100 ccm, of eonc, H,SO,, 

Bevarda's alloy. Fuse together in a covered earthenware enieible 450 
gram.s of olumiuHin, 50 grams of zinc and 500 grams of copiier. After the mix- 
ture has become liquid, pour out upon a cold surface and pulverize when cold. 

lodin water. Dissolve 50 grams of KI in a litre of water and saturate with 
iodin by allowing the solution to stand in contact with an e.wess of iodin crys- 
tals for some time with occasional shaking. Afterwards decant the clear dark- 
brown solution. 

" Magnesia nuituro," Dissolve 101.8 grams of MgCl,.flH,0 and 107 grams 
NH.Cl in water, add 400 ccm, cone. NH.OH and dilute to 1 litre. 

Manganeae cblorid (concentrated). Saturate cone. HCl with tbe crystallized 
salt, MnCl,.4H,0, 

Mercurous nitrate. Dissolve 135.5 grams of the crystallized salt in a half 
litre of water to which 25 ccm. of cone. HNO, has been added. Dilute to 1 
litre and add .50-100 grams of mercury. Or, treat 100 grams of mercury with 25 
ccm. of cone. HNO, diluted to 125 ccm. with water and maintain near the boil- 
ing temperature until the metal has disappeared, adding more acid in smalt 
amounts if necessaiy. Decant the clear liquid and add 50-100 grams of mer- 
curj- and dilute to 1 litre. 

Fhe&ylenediamiit (meta). Dissolve 2-3 grams of the solid in 10 ccm. of cone. 
HCl and JK) cem. of water. 

PotaBsioscope Liquid. Dissolve about 0,5 gram of Gentian Bhie in a litre of 
95 per cent, alcohol. Place in well-corked flat bottles of such size that a layer of 
solution about ] inch thick may Iw obtained. Six ounce viab are satisfactory. 
Bottles with curved surfaces should be avoided. 

A solution of the dye in dilute alcohol will precipitate on standing. 

Stamnous chlorid (concentrated for Bettendorflf test for arsenious acid). 
Treat 600 grams of granulated tin with a litre of eonc, HCl and maintain the 
mixture at a temperatrire suflicicntly high to keep up a vigorous action of the 
acid on the metal. When hydrogen is no longer liberated, decant the solution 
and add a few ccm, of cone, HCl and a few pieces of the metal to the bottle in 
which it is to be kept. Or, if only a small amount of the reagent is desired, dis- 
solve 113 grams of SnCl,,2H,0 in 75 ccm. of cone, HCl and add a few pieces of 
the metal. 

Stannous chlorid (general reagent). Dilute 50 ecm. of the previous solution 
with an equal volume of eone. HCl and dilute to 1 litre with water, keeping a 
few pieces of metallic tin in contact witli the solution. 

Stannic chlorid. Add bromin water to 50 ccm. of (he concentrated solution 
of SnCl, prepared as above until a permanent yellow color is produced. Boil 
off the excess of bromin (indicated bv disappearance of color) and dilute to 1 
litre. 

Starirli solution. Finely pulverize 1 gram of starch, rub up to a thin mixture 
with about 10 ccm. water and pour immediately into 100 ccm. of boiling water. 
Boil for 5-10 minutes. 



J 
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Starch- iodld raixtare. Add 1 gr»m of KI to 100 ccm. of the starch sulotiBB 
prepared as previously direrted. 

Snlfanilic acid miJttnre. Dissolve 0,5 ^ram of sulfanilie acid in 150 can. 
dilute ftcetje acid made by mudng 50 ecm. o£ the 80 per cent, acid "with 100 e^ 
of water. Boil 0,1 gram of a-naphthylamin Trith 25 ccm, of water and denol 
the colorless solution from the violet residue and add 50 ccm. of dilute acetic 
acid of the streugth given to the solution. 

The two solutions are then mixed and should be nearly eolorlp.ss. If a pink 
tinge should appear on standing, it should be removed by shaking the solution 
with xiuc dust and then fllteriug. Use 1 ccm. in testing for nitrons acid. 

Sulfuric acid. Since a large amount of heat is produced when cone. H,SO, is 
diluted, to avoid dangerous spattering and breaking of containers, the cone- acid 
should always be added to (he necessary volume of water slowly and with 
stnnt etirnng. 
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SOLID HEAGENTS. 321 

REAGENTS IN SOLID FORM. 

Ammonlxim chlorid, NH,C1. 

—nitrate, NH.NO,. 
Barium hydroxid, Ba ( OH ) ^811,0. 
Borax, Na^.O,.10H,O. 
Oalcimn carbonate, CaCO,. 

— fluorid, CaF, (fluorspar). 

—hydroxid, Ca(OH)„ "slacked lime." 

— oxid, CaO, lime. 
Copper, foil. 

— oxid, CuO. 
Devarda's alloy (see page 319). 
Ferrous sulfate, FeSO^.TH.O. 
Iron filings. 

— nails. 
Lead dioxid, PbO,. 
Lime (see calcium oxid). 
Litmus paper. 

Microcosmic salt, HNa(NH.)P0,.4H,0. 
ParafSne. 
Potassium carbonate, K,CO,. 

—chlorate, KCIO,. 

— cyanid, KCN. 

— dichromate, K,Cr,0,. 

— ferricyanid, K,(Fe-C.N,). 

—nitrate, KNO,. 

—sulfate (acid), KHSO.. 
Sodium, metal. 

— carbonate, Na,CO,. 

— carbonate (acid), NaHCO,. 

— and potassium carbonate mixture for fusions. 

—hydroxid, NaOH. 

— meta-phosphate, NaPO, (prepared from microcosmic salt) (see page 78). 

— peroxid, Na,0,. 

—sulfite, Na,S0,.8H,O. 
Sulfur, powdered. 
Tumeric paper. 
Zinc, dust. 

— metal. 
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SPECIFIC GRAVITY OF SOLUTIONS AT 15 


" c. 




SULFUKIO AOm. {i««jre and lei 


er.) 




Bpwrillo 


Percent. 


SpeclHc 


Percent. 


8p«ciac 


per C«iL 


Onvltf. 


H.SO,. 


Oravtty, 


H.SO,. 


Gmriiy. 


H^^ 


1.000 


O.OS 


1.320 


41 .,50 


I.«40 


71.S9 


1.010 


1.67 


1.330 


42.66 


1.650 


7S.ffi 


"l.oao 


a. 03 


1.340 


43,74 


I.WIO 


73.61 


J.O.W 


4.40 


1.850 


44.82 


1.670 


74.il 


1.040 


5,i)fi 


1.860 


46.88 


1.680 


7&.e 


1.050 


7,37 


1,370 


46.94 


l.6»0 


76.30 


1.060 


8.77 


1,380 


48,00 


1.700 


77.17 


1.070 


10.19 


1.890 


49,06 


1.710 


7S.ni 


1.080 


11,00 


1.400 


50.11 


1.720 


78.K 


1.09O 


12.t>0 


1.410 


61,16 


1.7S0 


1 79.80 


1.100 


14.36 


1.420 


62. IS 


1.740 


m.6i 


1.110 


15.71 


1.430 


63.11 


1.750 


' )4|.u6 


Liao 


17.01 


1.440 


6407 


1.760 


8144 


l.]$0 


18.31 


1.460 


66,03 


1.770 


83.32 


1.140 


Iftfll 


1.460 


55,97 


1.780 


(H.50 


1.150 


20,91 


1,470 


66.90 


1.790 


86.70 


1.160 


22.19 


1.480 


57.83 


1,800 


ML90 


1.170 


2.^47 


1,490 


58.74 


1.810 


S&.ti} 


1.180 


24. 7S 


1,600 


59.70 


1.820 


90.0& 


1.190 


26.04 


I.SIO 60.65 


1,825 


91.00 


l.SOO 


27.32 


1.520 61.59 


1.830 


i)&lQ 


1.210 


28.68 


1.630 62, 6S 


1,834 


93.05 


i.sao 


2B.84 


L540 63.43 


1,837 


94. SI 


Lsao 


ai.n 


1,550 1 64.26 


1,839 


»5.00 


i,a« 


32.28 


1.660 1 6S,0g 


1,840 


9S.eo 


1.260 


83.40 


1.670 1 65.90 


1,841 


97.00 


1.280 


34.67 


1.680 i 66,71 


1.8415 


98.20 


1.270 


35.71 


1.690 1 67.59 1 
1,600 1 68.51 


1,841 


98,70 


1,280 


36.87 


1,840 


99.20 


1.290 


38.03 


1.610 I 69.43 


1,839 


99.70 


1.900 


39.10 


l.(i20 1 70.32 






Lsie 


40.3,5 


1,630 1 71.16 







HYDBOOHLOBIO AOIO. (Lunge and MarcMewski.) 



Specific 


Per Cent. 


Specific 


Per Cent. 


Speclflc 


Per Cent. 


Gravity. 


HCl. 


Gravity. 


HCl. 


Gravity. 


HCl. 


1.000 


0.16 


1.070 


14.17 


1.140 


27.66 


1.005 


1.15 


1.075 


1.5.16 


1.145 


38.61 


1.010 


2.14 


1.080 


16.15 


1.150 


29.57 


1.01.5 


3.12 


1.085 


17.13 


1.1.55 


30.55 


1.020 


4.13 


1.090 


18.11 


1.160 


31.52 


1.025 


5.15 


1,095 


19.06 


1.16-) 


.32.49 


1.030 


6.15 


1.100 


20.01 


1.170 


33.46 


1.0.35 


7.15 


1.105 


20.97 


1.175 


34.42 


1.040 


8.16 


1.110 


21.92 


1.180 


«6.39 


1.045 


9.16 


1.115 


22.86 


1.185 


.36.31 


1.050 


10.17 


1.120 


23.82 


1.190 


37.23 


1.055 


11.18 


1.125 


24.78 


1.195 


38.16 


1.060 


12.19 


1.130 


2-5.75 


1.200 


39.11 


1.065 


13.19 


1.1.35 


26.70 
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HITKIO ACID. {Lunge and Eey.} 




Spedflc 


Percent. 


Bpedlle 


Per Cent. 


'Speclflc 


Per Cent, 


OnTltT. 


HNO,. 


OraTUj-. 


HNO,. 


Gravlc;. 


UNO,. 


LOO 


0.00 


1.18 


29.38 


1.36 


57,57 


l.Ol 


1.90 


1.19 


30.88 


1.37 


59,39 


1.1)2 


3.70 


1.20 


32.36 


1.38 


61.27 


1.03 


5.50 


1.21 


33.82 


1.39 


63.23 


1.04 


7.26 


1.22 


35.28 


1.40 


65.30 


1.05 


8.99 


1.23 


36.78 


1.41 


67.50 


1.06 


10.68 


1.24 


38.29 


1 


42 


69.80 


1.07 


12.33 


1.25 


39.82 


1.43 


72.17 


1.08 


13.95 i| 1.26 


41.34 


1.44 


74.68 


1.09 


IS. 33 <! 1.27 


42,87 


1.45 


77.28 


1.10 


17.11 , 


1.28 


44.41 


1.46 


79.88 


1.11 


18.67 1 


1.29 


45,95 


1.47 


82,90 


1.12 


20.23 ' 


1.30 


47.49 


1.48 


86.05 


1.13 


21.77 


1.31 


49.07 


1.49 


89.60 


1.14 


23.31 1.32 


50.71 


1,60 


94,09 ■ 


1.15 


24.84 , 


1.33 


52.37 


1.51 


98.10 


1.16 


20.36 


1.34 


54.07 


1.52 


99.67 


1.17 


27.88 


1.35 


65.79 






AMMONIA. SOLUTIONS. (Lvnge and Wiemiek.} 


Sperlfic 


Percent. 


Speelnc 


Psrcent. 


Bpeciflo 


Per Cent. 


GraTtty, 


NHk 


Or»Tiiy. 


NH,. 


Orevilr- 


NH,. 


0.882 


34.95 


0.922 


21.12 


0.962 


9.35 


0.884 


34.10 


0.924 


20.49 


0.964 


8,84 


0.886 


33.25 


0.926 


19.87 


0.966 


8,33 


0.8S8 


32.50 


0.928 


19.25 


0.968 


7,82 


0.890 


31.75 


0.930 


IS. 64 


0.970 


7,31 


0.892 


31.05 


0.932 


18.03 


0.972 


6.80 


0.894 


30.37 


0.934 


17.42 


0.974 


6.30 


0.896 


29.69 


0.936 


16.82 


0,976 


S.80 


0.898 


29,01 


0.938 


16.22 


0,978 


6.30 


0.900 


28.33 


0.940 


15.63 


0,980 


4.80 


0.902 


27,65 


0.942 


15.04 


0,982 


4.30 


0.904 


26.98 


0.944 


14.46 


0.984 


3.80 


0.906 


26.31 


0.946 


13.88 


0.986 


3,30 


0.908 


25.ti5 


0.948 


13.31 


0.988 


2,80 


0.910 


24.99 


0.950 


12.74 


0.990 


2.31 


0.P12 


24.33 


0.952 


12.17 


0.992 


1.84 


0.914 


23.68 


0.964 


11.60 


0,994 


1.37 


0.916 


23.03 !' 0.956 


11.03 


0.996 


0.91 


0.918 


22.39 0.9.^8 


10.47 


0.998 


0.45 


0.920 


21.75 0.960 


9.91 


' 1,000 


0.00 


1 
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ilumtnum .. 
Antimony.... 

ArgoD ........ . 

Arsentc 

Barium 

Berytliam .,., 
Bismuth 

Boron 

Bromtii ....... 

Cudmlum .... 

CtEsiuin 

CEtlrlum 

Cttrbon..,. 

Cprium , 

Clilorin 

C'bromlum . 

Cobttit 

Copiter 

Erbium,......., 

Pluorin 

Gadoliniam ... 

Gallium 

fieniianinm ... 

GoUl 

ileliuiii 

Hjdrugen ... 

Indium 

lodin ^... 

Iridiuni .., 

Iron 

Krypton 

I.,Autliaiiiiin ... 
Lead. ......... 

Lithium 

MRCiieslum . 
MHnsani'iie . 

Mfrcurj 

MoIjlKUnnra. 
Neo4jmiam . 



Al 

Sb 

A 

Al 

Bs 

Be 

Bi 

B 

Br 

Cd 

Ot 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cn 

Er 

F 

Gd 

Ga 

Ge 

An 

He 

H 

la 

I 

Ir 

Fe 

Kr 

Lft 

Pb 

Li 

Mk 

Mn 

Hr 

Mo 

Nd 



3 

3-5 



3-5 

2 

2 

3 

3 

1-5 

1 

2 

4-2 

4-3 

1-5-7-3 

3-6-7-2 

2-3 

2-X 

3 

1 

3 

3 

4-2 

1-3 



1 

3 

1-5-7 

3-4-2 

3-2 



3 

2-4 

a 

2-7-1-6-3 
2-1 
S-4-2 
3 



27.1 

120.2 

39.9 

75 

137.4 

9.1 

308.5 

11 

80 

113.4 
132.9 

40.1 

12 
140.2 

35.5 

52.1 

59 

63.6 
16fi 

19 
15» 

70 

72.5 
197 2 
4 
1 
115 
127 
193 

55.9 

81.9 

imn 

20B.9 
7 

24.4 

5,1 
2(M) 

96 
143.6 



Neon 

Nlckri 

Niobiam 

Xltrogen 

Osminro 

Oiygfll 

Pallarlium ..... 
Phospborus... 

Klattnam ....I Ft 

Polaiisliim I K 

FraBetKlymiDtn .. Pr 

Kadium Ra 

Khodiuin...........j lib 

Unbidinm ,......, Kb 

Rnthenium Ha 



No 

Ni 

Nb 

N 

Os 

O 

Pd 

P 



SatiiiiTinm ... 
f^candiutti ... 
Heleninm ... 

Siltcon 

Sllfer 

Sodlnm 

Strontium 
Sulfbr 

Tantalum ... 
Tellortum... 

Terbium 

Thallium ... 
Thorium .... 
Thullinin ,., 

Tin 

Titanium ... 
Tungsten .. 
Urauium ... 
Vanadium... 

Xenon. 

Vtterbiani .. 
Yttrium ..... 

Zinc 

Zirconium .. 



S> 
8o 

8e 
Ki 
Ak 

Ms 
Rr 

S 

Tr 

Te 

Tb 

Tl 

Th 

Tu 

Sn 

Ti 

W 

u 

V 
Xe 

Tb 
Y 
Zn 
Zr 
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NOMENCLATURE, 

The elements are named quite arbitrarily, except that the ending " ium " 
" um " k used to designated the possession of metallic propertdes. All of 
more recently- named metals are so indieated. Very often an element is njune 
beeause of some very pharacteristic property, the name being derived iisijslly 
from Greelt word.s signifying the possesinion of this quality. Chlorin and iodifi 
come from the Greek words meaning " green " and " violet," both of thee* , 
* Calculated from tbe basis, 0=16. 





NOMENCLATUKE. 

names signifying the eolor of the vapor of these elements. Bromin is from the 
word meaning " stench,'' referring lo the manner in whieh this substance affects 
the membranes of the nose and throat. Hydrogen, oxygen and nitrogen are 
compounded froin the verb geiiiiao, meaning " to produce," and from the nouns 
meaning " water," " acid," and " nili-e," respectively. Hydrogen is the element 
which forms water when it burns; oxygen is a const i(ueiit of very many acids, 
once thought to be present in all, and nitrogen a principal component of niti-e. 
Potassium, sodium and alimiiniun are the metals present in potash, soda and 
alum. Phosphorus is compounded from Greek words, and means " the light- 
bearer," referring to the phosphorescence of the element. Chromium is from the 
word meaning color, suggesting the fact that most compounds of this element 
are highly colored. Certain of the elements are named from the countries in 
which they were discovered, as magnesium from Magnesia; scandium from 
Scandanavia; gnHiiim from Gaul, the older name for France; germanium from 
Germany, Tellurium comes from the Greek word meaning the earth, selenium, 
simUarly, signifies the moon, aDd helium the sun, the latter name being given 
because of the fact that this element was known to exist in the sun before it was 
discovered on earth. Gold, silver, copper, lead, mercury, tin and iron were 
known to the ancients, and in their chemical symbols the older names are stiU 
retained. 

In the naming of ehemical compounds, however, certain definite rules are fol- 
lowed. All binary compounds {t. e., consisting of two substances) are designated 
by naming the metallic element first followed by the stem of the non-metalhc 
element to whieh the snfRx, "id," is added, as HCl, hydrogen chlorid; ZnS, zinc 
sulfid; CaO, calcium osid; Na(OH), sodium hydroxid, the hydroxyl radicle be- 
ing considered as a unit. 

If two bodies are composed of the same elements in different proportions, 
the one containing the greater proportion of the non-metallic constituent is 
designated by the ending " jc," while the compound with the smaller proportion 
of the non-metallic constituent is indicated by the sutTix " ous." Thus FeCl, is 
ferric ehlorid; Fet'l,, ferrous chlorid; SnO,, stannic oxid; SnO, stannous oxid; 
HjSO,, sulfuric acid; H,SO,, sulfurous acid. 

When more than two eompouuds containing the same elements exist, they 
are designated by the prefixes, " per,'' meaning " higher," and " hypo," mean- 
ing " lower," 

Salts of acids ending in " ous " are indicated by the ending " ite " while 
salts of " ic " acids end in " ate." 

The following table will make plain the usage: 



^ 



Fonnul*. 


Arid. 


Salt. 


Fotroula. 


HCIO 


HypochlorouB acid 


Sodium hypochlorite 


NaClO 


HCIO, 


Chloi-oua acid 


Sodium chlorite 


NaClO, 


HCIO, 


Chloric acid 


Sodium cliloi'ate 


NaClO. 


HCIO. 


Perchloric acid 


Sodium perch lo rate 


NaClO, 




Alaniitmoi 
Aotiniony .- 

Argon 

AiKenio, 

Bariiim 

Ber.ylliutn .. 

BUmatb 

Boron 

Bromin. 

Cadininai.... 

Caeainin 

C^loiuiQ.. 



Carbon 



Cerinm 

ChioriD ...... 

Cbromiam .. 

Cobalt 

Copper 

Eri)iatii 

Fluorin 

Gadolinium.. 

Galliiitii 

Germaoiatn . 

Gold 

Helinin 

Hydrogen ... 

Indiam 

lodio 

Iridiam » 



2.87 
6.79 

5.70 

1.85 
9.65 
2.58 
3.10 
9.Ti 

i.m 

3.55D 
a.35o 
1.70a 
6.05 

6.47 

».55 
8.93 



iron 

Krypton 

I>«ntbaimra ' 

Leatl j 

Litbiam 

Magncsiani 

Maufcauese 

Mercnry .. 

Mol.vbdeaom j 



5.05 

6.47 

19.32 



7.40 

4.95 
31.63 

7.80 

s.tn 

11.37 
0.59 
1.75 
7.25 

13.57 
8.66 



667 
432 

—187.9 

500 

S50 

>960 

2S9 

InfuBible 

—7.3 

321.7 

28.37 

78(1 

3500 

033 
— H« 
1616 
1631) 
1045 



30.16 

900 

1065 

>— 371 

— 2.'i6.5 

155 
1142 
1960 
1804 
—169 

BIO 

327 

186 

632.6 

1900 

-38.85 

840 



1470-1700 

1500-1700 

— 1B6. 1 

449 6 
850 

1435 

3!>l)0 
63 
778 
670 



—33.fi 

2100 
—187 

IS.'iO 

— 2S7 
-252.5 

800 
184.4 

—151.7 

1400-1600 

<i4m) 

1100 
3.57 
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Element. 


SpedflG 




QrBTltr. 


Neon... 




Nickel 


8.66 


Nidbinm , , 


7.06 


Nitrcigen 




Osmium 


32.48 


Oxygen 




Palladium 


11.40 


Pbospbortu... J 


1.83 T 
2.UE 


Platiiiom 


31.48 


PotaflBitim ....... 


0.87 


Praaeodymiam. 




Radiotu 


11.50 


Rhodinm 


Rabidium 


1.52 


Rntheniam 


U.SU 


Sftmarimu 




Soandiam.... 




Seleniani 


4.48 


Silicon 


2.49 


iiilver 


10.50 


Sodiatn.. 


0.97 


Strontinni 


2.55 


Snifor 


2.06O 
1.96m 


Tantalom 


10.70 


Tellurinni 


6.24 


Terbium 




Thallium 


11.86 


Thorium 


11.00 


Tbulliom 


7.3B 


Tin 


Titaninm 




TuutfSteu. 


17.30 


Urauinm 


19.68 


Vanatiium 


5.50 


Xeuon 




Ytterbium 




Yttrium 


7.15 


Zinc 



iSiroooiam ..| 4.16 



UcJtlnK 
Fotnt. 



1484 
1950 
—214 
25*)0 
>-230 
1588 

44.2 

1T70 
G2.5 
&40 

anoo 
38.5 
lOOO 



175 
I3O0 
»55 

9O0 
115-119 

aa.>o 

446 

3oe 



233 
3000 

ITttO 

84JO 

1630 

— 140 



419 

ison 



160 



146 




POTENTIAL SERIES. 

The following list shows the comparative readiness with which vartous metals 
tend to take on charges of pins electricity and pass into the ionic condition, the 
element possessing this property in the maximum degree standing first. Every 
metal in this list is said to be positive to all the metals below it, i. e,, tends to 
pasKi more readily into the ionic condition, or liberates more energy in taking on 
the electrical charge. Since this determines the potential when two metals are 
joined together in a cell, this arrangement is known as the Potential Series, 

Because each element tends to pass more readily into the ionic condition than 
any element standing lower in the series, whenever a metal is introduced into & 
solution of a salt of another melal, theorelieaily, the more positive metal should 
replace the less positive, the former should take the charge from the latter, 
the more positive dissolving as the less positive is precipitated from solution. 
Under appropriate condition this can geuerally be accoinplislied in most oases 
but the action is most vigorous between metals widely separated in the Potential 
Series. For the same reason, those metals standing higher than hydrogen dis- 
solve readily in acids unless an insoluble product forming a protective coating 
about the metal is produced by the reaction. On the other hand, those metala 
standing lower than hydrogen in this series are not readily attacked by acids 
when the action is due to hydrogen ions only. (See footnote, page 17.) 



1 Potassium 

2 Sodium 

3 Lithium 

4 Barium 

5 Strontium 

6 Calcium 

7 Magnesium 

8 Aluminum 

9 Manganese 



10 Zinc 

11 Cadmium 

12 Iron 

13 Cobalt 

14 Nickel 

15 Lead 

18 Hydrogen 
17 Bismuth \ 



IS Arsenic 

19 Antimony 

20 Tin 

21 Copper 

22 Mercui-y 

23 Silver 

24 Platinum 

25 Gold 



Pew non-metallic elements form simple anions. The following order hu beffi 
deterniined, however, among those that are welt known ; 

1 Fluorin 3 Bromin 5 lodin 

2 Chlorin 4 Oxygen 6 Sulfur 
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APPENDIX. 



METRIC MEASUBES WITH ENGLISH EQUIVALEX 

Measures of Length. 

1 Milliuieter^ mm. = .03937 iuebes. 

1 CeuUmeter, era. =10 mm. ^^ .3937 iiiebes. 
1 Deoimeter, dm. =10 cm. = 3,9371 inches. 
1 Mister, m. =10 dm. =39.3708 incbes, 

1 Kilometer, km. =1000m. = .6214 iiiil^. 



Measures of Volume. 
I Cubic eestitoeter, eem. = 

1 Cubic decimeter, (liter), 1. ^lOflOccm. = ] 
X Cubic meter = 1000 1. = 




.06103 cubic inch* 
61.027 cubic inches, 
1M7 U. S, quarts. 
35.3166 cubic feet. 



Measures of Weight. 



1 Milligram, mg. 

1 Oram 

1 Kiineram (kilo) 



= .0154 grains. 
= 1000 mg. = 15.432 graius. 
= 1000 grams. = 2.2046 pounds 




I'M 
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ENGLISH MEASURES WITH METRIC EQUIVALEN* 

1 Cubic inch = 16.386 cubic centim 
1 Cubic foot = 28.315 liters. 
1 Quart = .9463 liters. 



1 Inch = 25.399 millimeters. 
1 Foot = .3048 meters. 
1 Mile = 1.609 kilometers. 



1 Grain = .0648 g^ams. 

1 Ounce av. = 28.3496 grams. 
1 Pound av. = .4536 kilograms. 



PACTOES. 
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CONVERSION FACTORS. 



TO CHANGE 


TO 


jtmmpijY BY 


Inches 


Centimeters 


a.64 


Feet 


Meters 


.305 


Miles 


Kilometers 


1.609 


Meters 


Inches 


39.37 


Kilometers 


Miles 


.621 


Squui-e inehea 


Square centimeters 


6.452 


Square yards 


Square meters 


.836 B 


Square eeutimeters 


Square inches 


.155 ■ 


Sqnare meters 


Square yards 


1.196 


Cubic inches 


Cubic centimeters 


10.386 


Cubic yards 


Cubic meters 


.765 M 


Cubic centimeters 


Cubic inches 


.OCX ■ 


Cubic meters 


Cubic yards 


1.3tW 


Fluid oimees 


Cubic centimeters 


29.57 


Quarts 


Liters 


.946 M 


Cubic centimeters 


Fluid ounces 


.034 ■ 


Liters 


Quarts 


1.057 


Grains 


Milligramfi 


64.709 


Ounces (av.) 


Grams 


28.35 


Pounds (av.) 


Kilogrrams 


.454 


Ounces (troy) 


Grams 


31.103 


Pounds (troy) 


Kilopn^ams 


.373 


Grama 


Grains 


15.432 m 


KilograicM 


Pounds 


2.205 W 
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Notb: — f indicfttes frontispiece. 




A 


stability, 54 




Acetates, 122, 123 


strong and wp»1(, 15, 16 




action of heat, 122 


weali displaced by strong, 35 




aniyl, 303 


Active agent, meaning of, 59 




kisic, 118, 122, 194, 226, 264, 265, 


Agate, 133 




303 


Aids to eliemical reactions, 7, 8 




(leteetioo, 302, 303 


Alcohol, nmyl, 120, 270, 271, 303, 303 | 


etbyl, 23, 24, 303 


ethyl or ordinary, 23, 24, 25, 74, 


120, 


soluWlity, 122 


123, 235, 258, 259, 262, 


263, 


stability, 122 


270, 271, 284, 285, 302, 


303 


Acetic acid, 122 


as reducing agent, 47, 48, 


262, 


detection, _302, 303 


263 




repression of ionization of, 31, 264, 


meaning of term, 120, 123 




268, 280, 281 


methyl or wood, 114, 120, 282 




Acetylene, 120 


Alkali, detection, 242 


^^1 


Add Analysis, 275-30B 


fixed, 66 


^^1 


comparison with Bagie AnalysJB, 242, 


group, 65, 66 


^H 


275 


metals, 85, 66 


^^1 


Add forming element*, 15, 174 


volatile, 66, 75 


^H 


properties flue to hydrogen ions, 15 


Alkaline eartlis, m, 91 


^H 


proper! iea increased by oxiiiution. 


Alloys, analyms of, 240 


^^1 


45, 175 


riorarda's, 207, 300, 319 


^^1 


Adds, action on baw^s, 19 


mercury, 106 


^H 


action on indicatorB, 15 


platinum, 2,36 


^^1 


■ action on litmus, 15 


Alum, 14, 117 


^^1 


action on metals, 16 


chrome, 1!»3 


^^1 


action on oxids, 20 


ferric, 225 


^^1 


anhydrid. 42, 54 


mnngnnene, 214 


^H 


decomposition on heating, 54 


Alumina, 115 


^1 


definition, 15 


Alumlnates, 115, 116, 117. 266, 267 


301 J 


dissociation, 16, 18 


Alnminum, 115 


^H 


furnish hydrogen ions, 15, 31, 174 


action with alkalies, 115, 301 


^H 


list of, 16, 275 


blo¥rpipe reaction, 115 


^H 


meta, 175 


detection, 268, 267 


^^1 


monobasic, etc., 17 


group. 111, 112 


^H 


orfianic, 121 


hydrolysis of salts, 115, 118 


^^1 


nrtho, 175 


hydroxid, 116 


^^1 


polyhasic, 17 


ions, 116 


^H 


preliminary tests, 276 


properties of metal, 115 


^H 


pyro, 175 


relation to chromium and iron, 115 1 


»8 


J 



PWI 




H !|i 



D.i 



salts, U5-118 
Amalgams, 106 
Ametayst, 133 
Aamonia, 146, 117 
uoDiplex ione, 147 
oxiilatioti, 39 

specific gravity of solntiong, 323 
water, 76, li7 
Ammoniiun, ITi 

neetute as group reagent, 204 
carbsniate, 77, 270 
etirbonate, 76, 77 

»B group reagent, 284 
preparation of renget)t, 318 
chlorid, solvent action, 113, 114, 12S, 

2U0, 277, 279, 281 
delection, 76, 249 
hydroxid, 75, 76, 147 

repression of ionization, 31, 264, 

295, 268, 269 
gpeciflc gravity of Bolutioos, 323 
ion, 7S 
molyWate, 78 

as reagent for 

arsenic acid, 194, 287 
pbosphorie acid, 156, 260, 
261, 286, 287 
preparation of reagent, 318 
polysulfid, 77 

as group reagent, 252, 253 
as reagent for 

antimony, 167, 168, 169, 

252, 253 
arsenic, 162, 164, 252, 253 
cyanids, 125, 126, 294, 295 
gold, 90, 252, 253 
platinum, 235, 252, 257 
tin, 139, 141, 252, 257 
preparation of reagent, 318 
properties. 75, 147 
salts, 75-78 
sulfld, 77 

as group reagent, 268 
preparation of reagent, 318 
Amyl acetate, 303 

alcohol, 120, 270, 271, 302, 303 
Analysis, 3 

acid, 275-309 
basic, 248-273 



cbemical, 3 

ga^, 243 

oiierochemical, 

of alloys, 240 

of Inuoluble subatance^, 341 

of organic gnbetanpes, 308, 3Wl 

of partial solutions, 240 

qualitative, 3 

quantitative, 3 

sj-stematie, 239 
Anliydzld, deftnition, 42 
Anhydrous, definition, 33 
Auioti, (lefltiitioD, 10 
Anions, tests for, 275-309 
Anode, (iefinition, 10 
Antimonfttes, 169 
Antimony, 165 

acids, 167, 168, 169 

blowpipe reactioDB, 1*55, 166 

butter of, 167 

comparison with arsenic, lt5fl 

eomparison with biBitmtb, IT 

detection, 165, 256, 257 

flame, 165 

ions, 166, 167 

pentaclilorid . 168 

preparation of solution, 318 

pentavalent, 165, 168 

properties of element, 165, 257 

salts, 166 

stain on porcelain, 166 

trichlorid, 167 

preparation of solution, 318 

trivalent, 165, 166-168 
Appendix, 313-331 
Aqua regla, 43 

as solvent, 43, 89, 111, 234, 235. ! 
250. 251, 2i;2, 253,' 258, 259 
Argon, 63, 65 
Arrow, meaning of, 5 

double-headed, 8 
Arsenates, 163, 164 
detection, 288, 289 

solubility, 163 
Arsenic, 156-159 
acid, 163 

detection, 288, 289 
salts, 164 
action of acids, 156 



b, 172 
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n 


336^1 


^M blotrpipe reaction, 15T 




dissociation. 18 


^ 


^M conipariaon with antimonj, 


166 


furnish hydroiyl ions, 18, 31, 174 J 


H detection, 158, 256, 257 




monoacid, etc., 20 


^^M 


H flame, ]5S 




poiyacid, 20 


^^M 


H hfdroxid, 159, 161 




removal, 242 


^H 


^M iotis, 157 




strong and weak, 18 


^^1 


^1 mirror, 158 




Basic Analysis, 248-273 


1 


^K pentachlolid, preparation of Bolution, 


comparison with Acid Analysis, 


242 1 


■ 31S 




group separations, 248 


1 


H peotasulfid, 160 




Basic properties, 18 


^^J 


H oxidation of, 50, 256, 


257 


decreased by oxidation, 45 


^^1 


H pentavalent, 157, 160 




Bead tests, borax, 56, 247, 268 


^^ 


H salts, 159, 16U 




meta-pbosphate, 78, 192, 260, 


361, J 


^M Btain on poreelr.in, 158 




280 


^^H 


H trichlorid, 160 




Na,CO. + KNO., 219 


^^1 


H preparation of reagent, 318 


Benzene, 120 


^H 


■ trivalent, 157, 159, 160 




BeryUinm, 62, 90, 91 


^^1 


H white, 156 




Bettendorf test for arsenic, 157 


^^1 


H Ara«nl0UB acid, 161 




Bismark lirowo, 149 


^^1 


■ dctfX'tJon, 288, £89 




Bismuth, 169-172 


^^1 


■ wits. 161, 163 




acid, 171 


^H 


H Arsenites, 161, 162 




blowpipe reaction, 170 


^^1 


H detection, 286. 287 




chlorid, preparation of reagent. 


. 318 1 


^ solubility, 161 




comparison with antimony, 172 


^J 


Arsflno-molybdatos, 164. 287 




detection, 254, 25j> 


^H 


Aratn, 158 




ions, 170 


^^ 


Atom, definition, 8 




nitrate, preparation of reagent, 


319 1 


wciftht of, 57, 326 




liropcrties of metal, 169 


^^J 


Atomic weights, 326 




salts, 170-172 


^^1 


Auratea, 90 




solubility of salts, 170 


^^1 


Auric salts, 89 




subnitrato, 170 


^^1 


Anrous salts, 89 




Hulfafp. preparation of reagent 
Black-faced type, meaning of, 3 


, 319 1 


B 




Blowpipe flame, 53 


^^1 


BATlnm, 98 




reactions, 55, ^G 


^^1 


earbonatp as reagent, 118, 


325 


Bolltng-points of elements. 326 


^H 


chlorid a« reagent. 278, 27 


8, 290 


Bonds, Bignificance of, 12, 40 


^^1 


detection, 270, 271 




Bone-black, 119 


^^1 


dloiid, 178 




Borates, 113, 114 


^H 


flame, 9S, 270 




HCtinn of heat, ■')5, 113 


^^1 


ion, SB 




detection, 282, 283 


^H 


prop*H.ie8 of metal, 38 




methyl. 114 


^H 


salts, 98-101 




precipitation, 113 


^^1 


spectrum, /, BS 




solubility. 113 


^H 


table of wits, 101 




stability. 55, 113 


^^1 


Baryta water, 99 




Borax, 56, 113 


^H 


Base- forming elements, 18, 17- 


1 


t>ead reactions, 56, 247 


^^1 


Bases, definition. 18 




glass, 113 


^H 


decomposition on heating, 


, 54 


Boric acid, 112-114 


^^^it 



^! sae ^^^^m 


BTDEZ. ^^^^^^^^^1 


^^H anhj-dna, 113, 114 


^^^^^^^H 


^^H detection, 114, 3S2, 2S3 


amorphous, UB ^^^^^| 


^^^ salts, 113, 114 


compounds, 120 ^^^^H 


^r Boiou, 112 


detection, 306, 309 ^^^^| 


^^^ flatne, 112, SS2, 283 


dioiid, 120 ^^^H 


^^^B group. 


disulfid, 120, 179, 293, Z»7,^M 


^^^H properties of element, 112 


group, 119 ^^B 


^^V salts, 112 


bydrirls, 120 ^H 


V Bromates, 208, 209 


nionoxid, 119 ^^M 


■ Bromlds, 209, 210 


properties of element, 119 ^^ 


^M -.KtUia of beat, 55, 209 


removal, 241 


^^H detectiOD, 298, 299 


CarbonaceouB matter, deteirtioii, 280, } 


^^^^ reaction with cudc. sulfurie acid, 


209 interferes with analysis, 260 


^^^ solubility, 209 


removal. 262, 293 


^^^ Biomin, 208 


Carbonates, 122 ^i 


^^^^ acids. 


acid, 92, 95, 122. 222 ^M 


^^^1 as oxidizing agent, 41, 43, 4S, 


1S9, action of heat, 121 ^^^^H 


^^m 20e, 290, 291, 297 


basic, ^^^^H 


^^^ chlond, 20S 


detection. 282, 283 ^^^H 


H^ detection, 209, 308, 309 


precipitation, 68, 242, 261, ^^H 


ions, 210 


solubility, 66, 122, 271 ^H 


propertiea, 208 


Btabilitj-, 54, 121 ^^M 


wiitpr. 208 


Carbonic acid, 121 ^^^H 


Brucin, 151. 206, 300, 301 


nnhydrid. 120, 122 ^^^H 


prejiaratioQ of rcttBent, 319 


detection, 2S2. 283 ^^^H 


Bimsen burner, improvised, 114 


salt!<, 121. 122 ^^^H 


flame, 52 


Carbonization (nee Charring) ^^M 




Cerium, 119 ^^^^M 





Ohalcedonr, 133 ^^^^| 


Cadmium, 104 


Chalybeate spring, 222 ^^^^| 


blowpipe reaction, 105 


Charcoal, 119 ^^^^H 


detection, 254 


mactions, ."55. 246. 247 ^H 


ion, 105 


ChaiTinK, 55, 124, 260, 261, 3g4^| 


properties of metal, 104 


Chemical fortnnlae, 6 ^^M 


Halts, 104-106 


reactions, aids to, 7 ^^M 


Caealuni, 94, 65, 66 


Chemistry, definition, 3 ^^M 


Calclnm. 04 


^^^^H 


detection, 270, 271 


Chlorates, 206 ^^^H 


flame, 04, 270 


action of heat. 206 ^^^^^| 


hydroxid, 95 


'detection, 304, 305 ^^^H 


ion, 94 


formation,20],204 ^^M 


phosphate, 35, 97 


reaction with cone. Butfnric aeni^l 


properties of metal, 94 


solubility, 206 


■alts, 94-97 


Chloric acid. 205, 206 


tpeetmm, /, 94 


aN oxifUzing agent, 42, 43, 205^ 


Caliche, 70 


305, 306 mM 


Calomel, 111 


detection, 304, 305 ^H 


Cartjlda, 120 


ion, 206 ^H 


Oaibon, 119 
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reActions with bruein, 151, 20^H 



^^^^^^^^^^^r^^^^H^c 
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^^^tU 


1 
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INDl^X, 


^B reduction, 305, 306 




iKirax-bead test, 192 


I 


^B salts, 206 




compounds, 191 


^1 


■ •■CMoria of lime," 204 




detection, 192, 266, 267 


^B 


Hciaorlds, 2i)'i 




divalent, 191 


J 


H action of heat, 55, 203 




group, 190 


^^1 


^M decompositioD, 298 




hep tavit lent, 192 


^^1 


H detection, 298, 299 




hexavftlcnt, 192, 194-197 


^^H 


^M reaction witb cone. 8u]furjc add 


1, 203 


hydroxids, 46, 193 


^^1 


H Bt'paratiou, 29S 




ions, 192, 194, 197 


^H 


■ solubility, 203, 251 




properties of element, 190 


^^M 


■rCMorin. 200 




salts, 192-194 


^^1 


■ acids, 202, 203, 205, 207 




testa, 192 


^^1 


^m as oxidizing agent, 41, 43, 4S, 


201, 


trivaJent, 191, 192-194 


^^1 


H 296, 29T, 298, 299 




Classlflcatlon of elements, 62 


^^H 


H detection, 202, 308, 309 




Closed-tube, 53 


^^1 


H dioxid, 20S 




reactions, 53-55, 107, 157, 243, 


2U 1 


^M diatioctioD from hTpocblorous 


acid. 


Cobaat, 227 


1 


■ 202 




acetate, reagent for cyauateiS 


and 1 


H RToap, 19S 




thiocyanatea, 128, 305, 306 


^^M 


B heptozid, 207 




blowpipe reaction, 228 


^^M 


~ ions, 200, 201 




borai-bead reaction. 328 


^^M 


1 monoxid, 203 




compounds, 227-231 


^^M 


B oxids, 301. 203, 205, 207, 304 




detection, 268. 2(59 


^^H 


^^ properties, 200, 201 




ions, 228, 229 


^^1 


^P reactions of ion, 13, 14 




nitrate reaetioni. 245 


^H 


P^ water. 200, 204 




wItb aluminum olid, 115, 


245, ^^ 


Chlorltes, 205 




266 


1 


OWoro-cliromic anhydrid, 196, 197, 


298, 


witb silicates, 245 


^^fl 


299 




with iinc oxid, 102, 245 


^^H 


Chlorofonn, 29S, 209 




properties of metal, 227 


^^1 


Chlorous nrid, 205 




salts, 22S 


^^H 


Cmorplatinatea, 235 




separatinti from nickel, 231, 233, 


234, 1 


Caixomates, 194-197 




2BS, 269 


^J 


action of beat, 192 




Cohaltlc compounds, 228 


^H 


detection, 280, 2B1 




Oobaltiaitrlte. 2.11 


^H 


precipitation. 195 




Cobaltlcyanlds, 2,10, 233 


^H 


solubility, 190 




Cobaltocyanids, 230 


^^M 


Chrome aJum, 193 




Cobaltous compounds, 228, 229-231 


^^M 


iron ore, 190 




Coke, 119 


1 


Chromic neid, 194, 195 




CoUoIdal precipitates, 37, 159, 253, 2 


69 1 


anhy.irid. 194, 195 




Combustion, 173 


1 


detection. 280, 281 




OomparaUve solubilities. 34 


^J 


ion. 194 




rtreiigtha of acids. 16 


^^1 


relmion to dichromic acid, 195 




strengths of bases, IS 


^H 


salts, 196. 197 




Complex iona, 13, 14 


^^1 


Chromites, 193 




decomposition of, 14 


1 


1 Ohromlum, 190 




organic ions of aluminum, 117, 


260 1 


■ acids, 192. 193, 194-197 




chromium. 193, 260 


1 


H blowpipe reaction, 192 




copper, 81 


^J 


1 


^ 




^ 


Ifti 



I 



iron, 224, 260 
Concentration, doflnition, 23 

h»vr cxpresseil, 35 
Oonverftlon factum, 329 
Copper, 79 

tiction of acids, 79 

an reagent for As, 151) 

blowpipe reactioD, 80 

detection, 354, 25S, SISO 

flflnie, SO 

group, 79 

jont, 80 

precipitation, TS, 80 

propertieB of metal, 70, 80 

salts, SO 
Copperas, 22a 
Corrosive Bubliinate, 106 
Crystal, defiuition, 33 
Crystallization, riefinition, 321 
Cuprtc eompounds, Sl-63 

detci'tion, 254 

ion, SO, 81 

snltH, SO, SJ- S3 
Cuprous ion, 80 

Halts, 80, 81, 83, 84 
Oy-&na.tea, 1S8 

dpfpetion, 304, 306 
Cya&lds, 126 

action of heat, 55, 126 

as reaf^ent for As, 157 

as reducing agents, 126 

complex, 127 

decomposition, 126, 242 

detection, 242, 294, 295 

hydrolysis, 126 

insoluble, 126, 127 

of metals with valence greater than 
two. 126 

solubility of, 126 
Cyanogen, 125 



Decantatlon, washing by, 38 
Decomposition, of complex ions, 13, 14 

on heating, 54-56 

with concentrated sulfuric acid, 55 
Deliquescence, 33 
Desiccation, 134, 262, 263 
Determining factors, 26, 27 



Devarda's alloy, 207, 300, 118 
Diamond, 119 
Dicliromateis, 19.^, 19G 

tlett'Ction, 280, 281 

ion, 194 

preeipitat.ion witli, 195 

reaction with c^onc. sulfuflo ] 

solubility, 196 
Dichromic acid, 195 

ftuhydrid, 195 

aa oiidiziBg agent, 50, 2.13, SCS, | 
296, 297, 298, 2&9 

detection, 280, 281 

ion, 194 

reltttioB to chromic acid. 19S 
Dissociation, S 

affootpd by eotntnou ions. 

tjy steps, 18 

decree of, 10, 25 

eleftrolytie, 10 

equilibrium, 25 

in solution, 9 

of acids, 16, 18 

of bases, 18 

of iailts, 20 

of water, 29 

on heating, S, 56 

solvents causing, 13 
DistUlate, definition, 36 
Distillation, definition, 36 
"Dry way" reactions, 5 
oxidations, 52 



Efflorescence, 33 

Electricity, aids ehemieal reactions, 8 

conduction in solntion, 10 

on ions, 9, 11 

unit charge on ions, 11 
Electrolyte, definition, 10 
Electrolytic dissociation, 10 (see a 

' ' Ionization ' ') 
Electrolysis, 256, 257 

definition, 10 

explanation, 10, 257 
Elements, 4 

acid-forming, 15 

iMse-forming, 18 

classification, 62 
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*■ list of, 324, 326 

metallic, 18, 174 
non-metallic, 15, 174 
properties changed by oxidation, 45 
symbols for, 5 
^ Eiwom salt, 93 
* Equation, delBnition, 5 

should be balanced, 6 
Eanlllbrlmn, 22-28 

changes with temperature, 27 
*' definition, 23 

equation, 24 
law, 23 
reaction, 23 
i Eqolyalents, definition, 58 

system of, 58 
I ' values of, 59 

Erbium, 65 

Ester, meaning of the term, 121 
Ether, 284 

meaning of term, 120 
Ethyl acetate, 23, 24, 303 

alcohol, 23, 24, 25, 74, 120, 123, 235, 
258, 259, 262, 263, 270, 271, 284, 
285, 302, 303 
Evaporation, definition, 36 
Examination, preliminary, 243-247 



Factors, conversion, 329 
determining, 26, 27 
Ferrates, 221 

Ferric, chlorid, hydrolysis of, 30, 225 
compounds, 221, 224-227 

as oxidizing agents, 221, 225 
detection, 227, 249 
hydrolysis of, 221, 264, 265, 303 
ion, 224-227 

reagent for ferrocyanids, 131, 

226, 249, 264 
reagent for thioeyanatea, 129, 
227 
salts, 221, 224-227 
Feincyanic acid, 131, 226 
detection, 292, 293 
salts, 131, 132 
Ferricyanlds, 131, 132, 226 
detection, 292, 293 



reagent for ferrous ions, 131, 226, 
249 
Ferrocyanlc acid, 130, 223 
detection, 292, 293 
salts, 130, 131 
Ferrocyanids, 130, 131, 223 
action of heat, 130 
detection, 292, 293 
formation, 127 
reagent for ferric ion, 131, 226, 249, 

264, 295, 308, 309 
solubility, 130 
Ferrons compounds, 221, 222-224 

as reducing agents, 47, 221, 258, 

259 
detection, 227, 249 
oxidation, 292 

with NO, 147, 149, 151, 300, 
301, 302, 303 
ion, 222-224 

reagent for ferricyanids, 131, 
226, 249 
salts, 221, 222-224 
Film tests, 246 

on charcoal, 246 
on porcelain, 158, 166, 246 
Filter, definition, 37 

fitted, 38 
Filtrate, definition, 37 

cloudy, how avoided, 37 
FlltraUon, 37 
"Fireworks," 73, 206 
Flame, blowpipe, 53 
Bunsen, 52 
coloration, 56, 247 
oxidizing, 53 
reducing, 53 
Flash-light powder, 91 
Flint, 133 
Flnorids, 198-200 

action of heat, 55, 199 
detection, 278 

reaction with cone, sulfuric acid, 199 
solubility, 199, 200 
Flnorln, 198 
acid, 199 

action on water, 177, 198 
detection, 278 
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P 


nfDEX. ^^^^H 


group, 198 






on bases, 54 ^^^^| 


ion, 136, 198, 300 






on salts, 54, 55, 56 ^H 


pro{M?rties, 198 






aids chemicaJ actiTitT. 7 ^H 


nuoapar, 97, 200 






CAoaes disaociation, S, 56 ^H 


FlnoBlllclc nci(5, 136 






of neutralization, 19 ^U 


Formulae, chemiMl, 6 






Heating in borax-bead, 56, 247 ^M 


Fusion, with Bniiiionium nitrate, TB, 


122, 


in closed tub«, 53-55, 107, 157.1? 


l'J4, 202 






244 


with calcium carlxmate 


1 and ammo- 


on charcoal, 55, 246, 247 


nium chlorirl, 242 






with conceDt rated sulfnric tttii. S. 


witb potassiam ncid Bu)fat«, 188, 


242 


245 


with sodium and potassium 


ear- 


Helium, 62. 65 


bonateB, 68, 242, 262 






High-temperature reactions, 54-5«, U^ 


witb Bodium carbonate and potassium 


Hydration, of acids, 175 ^M 


nitrate, 192, 216, 242 






of antimonatea, 168, 169 ^M 


with sodium hydroxid, 


241, 294, 


205 


of antimonites, 167 ^^ 
of arsenates, 163 ^^^^^ 


^^F 






of arsemtes, 161 ^^^^| 


Oadollnluin, 6S 






^^^H 


Gallium, lis 






of chromatea, 194, 195 ^^^H 


Gas iinnlyBis, 243 






of phoBphatea. 153. 154 ^H 


carbon, 119 






of silicates, 133, 134 ^^^^ 


Qaseotu substances, as determining 


fB«- 


of sulfates, ISe, 1S7 ^^^| 


tora, 26 






Hydrlodic acid, 211 ^^^^ 


how indicated, 3 






as reducing agent, 48, 49, SlljQ 


liberation of, 240, 244, 


245 




296 JM 


prediction of formation, 26 




detection, 296, 297 ^^^B 


Oermauium, 13 T 






^^H 


alasB, etching of, 109, 278 


,279 




^^H 


composition. 199 






Hydrobromle acid, 209 ^^^| 


OlaBber's salt, 70 






as reducing agent, 48, 209, 2^^ 


Gold, 89 






detection, 298, 299 , 


H^^ blowpipe reaction, S9 






ions, 210 ^fl 


^^H detection. 25S, 259 






salts, 209, 210 H 


^^H fulminatinf^, 90 






Hydrochloric acid, 202 ^1 


^^H mosaic. 






as group reagent, 250 ^H 


^^^P properties of element, 


89 




as reducing agent, 4S, 49, 2a^| 


^^^ salts, 89 






as Bolreut, 239 ^M 


1 Gram-molecular solutions, 1 


58 




detection, 299, 299 ^^M 


H Gram-molecule, deflnitiom, 


57 




203 ^^H 


1 Graphite, 119 






salts, ^^H 


■ Gypsum, 96 ' 






specific gravity of solutioiu, I^H 
Hydrocyanic acid, 125, 126 ^^M 


^B 






detection, 128, 294, 295 ^^H 


V Halogen (froup, 198 






126-128 ^^H 


■ detection, 308, 309 






separation, 295 ^^^^H 


I Hardness of water. 90 






Hydrofluoric acid, 198, 199 ^^^1 


H Heat, action on acids, 54 






on gla«, 199 ^^^H 
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detection, 178, 279 
ion, 136, 200 
salts, 199, 200 
Hydrogen, bromid, 209 
chlorid, 202 
cjranid, 125, 126 
detection, 308, 309 
diozid, 117 

as oxidizing agent, 42, 43, 177, 

178 
as reagent for chromium, 192 
detection, 306, 307 
salts, 178 
iodid, 211 

ion, properties of, 15 
nascent, 40 

as reagent for antimony, 166 
as reagent for arsenic, 158 
as reducing agent, 158, 166, 256, 
257, 300, 301 
oxid (see Water), 176 
perozid (see dioxid), 177 
replaced by metal, 17 
sulfid (see also Hydrosulfuric acid), 
180 
action on metals, 184 
as group reagent, 252 
as reducing agent, 47, 48, 50, 

180, 225, 252, 253, 265 
detection, 183, 274, 275, 290, 

291, 294, 295 
oxidation, 180, 253, 265 
solubility, 180 
water, 180, 188 
Hydrolysis, 30, 264, 265 
Hydronltrlc acid, 146 
Hydrosllicoflnoric acid, 136 
detection, 278, 279 
salts, 136, 137 
Hydrosnlfnrlc acid (see also Hydrogen 
sulfid), 180 
ions, 180 
salts, 180-184 
Hydrozlds, acting either as acid or base, 
22, 175 
aluminum, 116 
antimony, 166 
arsenic, 159, 161 
chromium, 193 



gold, 90 
lead, 143, 144 
platinum, 235 
stannous, 139 
stannic, 140 

insoluble, 35 

of metallic elements, 18, 68, 174 

of non-metallic elements, 15, 174 

organic, 120 

precipitation of, 68 
Hygroscopic, meaning of term, 33 
"Hypo," 190 
Hypobromltes, 208, 209 
Hypochlorites, 203-205 

action of heat, 204 

detection, 304, 305 

formation, 201 

solubility, 204 
HypocUorouB acid, 203, 204 

action on hydrogen chlorid, 204 

anhydrid, 203 

as oxidizing agent, 42, 43, 204 

detection, 304, 305 

ion, 205 

salts, 204, 205 
Hypoiodltas, 211 
Hyponltrous acid, 147 

anhydrid, 147 
Hyposnlfnrona acid, 185 



Indlnm, 118 

spectrum, / 
Infusible substances, 245 
Inorganic substances, definition, 13 

dissociate generally, 13 
Insoluble, hydroxids, 35 
salts of weak acids, 35 
substances, analysis of, 241 
as determining factor, 27 
meaning of term, 34 
prediction of formation, 26 
solution of, 36, 241, 242 
Interfering substances, 260-263 
detection, 260, 261 
removal, 262, 263 
lodates, 211, 299 
lodids, 212 

action of heat, 55, 212 
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detection, 296, 297 

reaction with cone, aulfarie acid, 212 

rt^tnuval, 2S3 

Mlubility, 212 
lodln, 210 

acide, 211 

as ozidiKing agent, 41, 43, 48, 18S, 
210, 283, 290, 291 

chlori.3, 211, 397 

detection, 211, SOS, 309 

ioDB, 210 

properties, 210 

removal, 283 

stains, 210 

wnter, 210 

preparation, 319 
lOM, addition of common, 31 

eornplcx, 13, 13 

decompoiitioD of, 13, 14 

definition, 

electricity on, 9, 11 

how indicatcil, 11 

metsUie, 10 

non -metallic, 10 

potential, 38 

reactions of, 13 

valence, 11 
lonizaUoti, definition, 9 

und equilibrium, 25 

bow affected by ccimmoti ioui, 31 

of acids, 16, 18 

of bases, 18 

of salts, 20 

repression of, 31 
Iridium, 220 
Iron, 200 

ucids, 221 

hlowpipe reaction, 221 

borax-bead reaction, 221 

detection, 227, 249 

group, 220 

ions, 221 

testa for, 227 

o»Js, 221 
projjcrties, 220 

rust, 220, 222 

salts, 221-227 

Italics, meaning of, 3 



Katttion, definition, 10 
Katlilons, tests for, 248-273 
Katbode, ilcfinition, 10 
Krypton, 65 



Iiampblack, 119 
Iianthanum, 111 
Lead, 142 

acetate as reag«iit for li] 
£d, 252, 294, 308, 309 

blowpipe reaction, 142 

detection, 250, 251, 254 

group, 137 

lijdroxid, 143 

ions, 143, 144 

properties of met«l, 142 

red, 143 

salts, 143-145 

sugar of, 143 

white, 144 
Liglit aids chemical reaetions, 7 
Iiime, 95 

salts, 95-97 

slHck^, 95 

water, 93, 282, 283, 308 
Iilqolds, atsalyma of, 243 

how indicated, 3 
Litharge, 142 
Lithium, 60 

detection, 273, 273 

flame, 66, 272, 273 

ion, 66 

properties of met&l, 66 

salts, 66 

spectrum, /, 66, 2T2 



Magnesia, 91 

mixture, 92 

preparation, 319 
Magaesium, 91 

detection, 272, 273 

group, 90, 91 

ion, 92 

properties of metal, 91 

salta, 92-94 

Bolubilit? of rnlts, 92, 369 
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Manganese, 213 

acids, 214, 215, 218 
alum, 214 

borax-bead reaction, 216, 268 
cUorid, preparation of reagent, 319 
detection, 268, 269 
diozid, 178, 214 
divalent, 213, 216-218 
group, 212 

heptavalent, 216, 218-220, 268, 269 
hezavalent, 215, 268, 269 
hjrdrozida, 45, 216 
ions, 216 

oxidation, 216, 268, 269 
oxids, 213, 214, 216 
properties of element, 213 
salts, 213, 214, 216-218 
tetravalent, 214, 277 
trivalent, 214, 277 
Manganates, 215, 268, 269 
Manganicyanids, 218 
Manganltes, 214, 216, 217 
Manganocyanlds, 218 
Marsii test, 158, 166 
Mass action, definition, 25 
discussion of, 23-27 
illustration of, 28-30 
law of, 23, 24 
Matches, 73, 206 
Match test, 246 
Measures, English, 328 

metric, 328 
Mechanical force aids reactions, 7 
Melting-points of elements, 326 
MendeleeS, 63 

Mercnrie, chlorid as reagent for stan- 
nous salts, 138, 256, 257 
compounds, 107 

action of NH, on, 108 
detection, 254 
reduction, 107, 110 
ion, 107 
salts, 107-110 
Mercnxons compounds, 107 

action of NH, on, 110, 111 
detection, 250 
reduction, 107, 111 
ions, 107 
nitrate, preparation of reagent, 319 



as reagent for ammonia, 304, 305 
as reagent for cyanids, 294, 295 

salts, 110 
Mercury, 106 

•detection, 107, 250 

halids, dissociation of, 21 

in separation of chlorin from hypo> 
chlorites, 202 

ions, 107 

properties of metal, 106 

salts, 107 
Meta-acids, 175 
Metal, added to acid, 16 

definition, 174 
Metals, analysis of, 240 
Metathesis, 3 

Methyl alcohol, 1x4, 120, 282 
Mlcrocosmlc salt, 78 
Minns ( — ) sign, meaning of, 11 
Mixtures, 4 
Molecules, definition, 8 

weight of, 57 
Molybdenum, 64, 190 

N 

Naphthalene, 120 
Naphthylamln, 149 
Nascent condition, 40 

hydrog^ (see Hydrogen) 
Neodyminm, 64 
Neon, 62, 65 
Nessler reagent, 109 
Neutralization, 19, 20 

heat of, 19 
Nickel. 231 

blowpipe reaction, 232 

borax-bead reaction, 232 

compounds, 231-234 

detection, 268, 269 

ions, 232 

properties of metal, 231 

salts. 232 

separation from cobalt, 231, 233, 
234, 268, 269 
Nickellc compounds, 232, 233, 268, 269 
Nickelons compounds, 232-234 
Niobium, 172 
Nitrates, 150 

action of heat, 55, 150 
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decompdaition, 35, ISO 
detection. 300, 301 

solubility, 160 
Nlttic acid, 1-19-151 

anhyilriil, 14S 

as oxiiliring agent, 39, 43, 50, 150, 
151, 230, 241), 253, 261, 264, 265, 
268, 268, £86, 287, 300, 301, 308, 
309 

%s BolTont, 2.^9 

iletection, 300, 301 

funiitig, 150 

iou, 151 

reductiun, 151, 300, 301 

salts, 150 

Bpeeific gravity of BolntiooB, 323 

tfSBtB for, 151, 300, 301 
Nltrlds, H(j 
Nitrites, 148, 149 

action of beat, 148 

detection, 149, 302, 303 

Boliibility, 149 
Nitrogen, 146 

compounds, 146-151 

detection, 146, 308, 309 

dioxid, 14T, 149, 151 

group, 145 

iona, 146 

tnonoxid, 147 

oiids, 147-148, 173 

pcntnvalent, 146, 119 

pentoxid, 148 

tetroxid, 148, 150 

trioxid, 148 

trivalent, 146, 148 
Nitrous Hcid, 148, 149 

arlivilriii, 14 S 

as oxidizing agent, 149, 296, 297, 302 

dttcomjiosition, 148, 301 

detection, 149, 301, 302, 303 

either oxidizing or redudog agent, 
14S 

ions, 149, 231 

solubility, 297 
Nomenclatnre, 324-325 
Non-dlBsoclatlon, as determining factor, 

27 
Non-ffletaUlc elements, 174 



Nonoat salts, 22 
solution, 59 



Onyx, 133 
Organic »cids, 121 
chemistry, 120 
hydroiidB, 120 
oxids, 120 
salts, 121 
■ubstaneea, 13, 120— 11 

action of heat, 122, 184, 
analysis of, 30g. 309 
definition, 13 ^i 

detection, 260, 261 " 
do not dissociate, 13 
interfere with anaUsis, 2 
reduce hot cone, solfuc 

124 
removal, 260, 261 
OrtluMJcids, 175 
Osmltun. 220 
Oxalates, 123, 124 

action of heat, 123 
detection, 284, 2S5 
aolubiiity, 123 
Oxalic acid, 123 

as reducing agent, 47, 48, 49, 
decomposition, 123 
detection, 260, 261, 284, 2S5 
interferes with analysis, 260 
remowil, 262, 263 
salts, 123, 124 
Oxidation, definition. 38 

increases acid properties, 45 
inereaspH charge on kathions 
in "dry way," 52 
Oxidizing agents, acids as, 42, 43 
defl-nition, 39 
direct addition of, 41 
elementary substanceg as, 41 
halogens as, 41 
in analysis, 239, 240, 252 
list of, 41 

oxygen equivalent of, 43 
reactions with reducing afent 

51 
removal of, 239, 240, 283 
salts as, 42 
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tests for, 276, 277 

value of, 43, 49 
Oxidlziiig flame, 53 
Oxlds, 174 

form hydroxids, 174 

how formed, 174 

ignited, 174, 242 

insoluble, 35, 174, 242 

organic, 120 

volatility of, 54 
Oxygen, compounds, 174-178 

detection, 173 

group, 172, 173 

ion, 176 

properties, 173 

test for, 173 
Ozone, 174 



Palladium, 220 

FeicUorates, 207, 208 

action of heat, 207, 306, 307 
detection, 306, 307 
formation, 206 
solubility, 208 

PerclUoilc add, 207 
anhydrid, 207 
detection, 306, 307 
ion, 208 
salts, 207, 208 

Percbromlc add, 192, 266 

Feriodates, 211 

Periodic law, 63 

Periodic System, 63-65 
Group 0, 65 
Group 1, first type, 65 
Group 1, second type, 79 
Group 2, first type, 90 
Group 2, second type, 100 
Group 3, first type, 111 
Group 3, second tyx>e, 118 
Group 4, first type, 119 
Group 4, second type, 137 
Group 5, first type, 145 
Group 5, second type, 172 
Group 6, first type, 172 
Group 6, second type, 190 
Group 7, first type, 198 
Group 7, second type, 212 



Group 8, 220 
Feriodids, 210 
Permanganates, 219, 220 

action of heat, 219 

detection, 306, 307 

formation, 215 

solubility, 219 
Permanganic add, 218, 268, 269 

anhydrid, 216 

as oxidizing agent, 49, 123, 124, 219, 
220, 276, 277, 284, 298, 299, 306 

detection, 306, 307 

ion, 220 

salts, 219, 220 
Persulfuric add, 190 
Pbenylenediamin, 149, 302 

preparation of reagent, 319 
Phosphates, 153-156 

action of heat, 55 

detection, 260, 261, 286, 287 

of alkali metals, 70 

precipitation, 155 

removal, 156, 262, 263 

solubility, 66, 97, 154, 155 

stability, 55 
Pbosphin, 152 

Pbosptao-molybdates, 156, 286, 287, 308 
Ptaosptaoninm compounds, 152 
Phosphoric add, 153, 154 

anhydrid, 153 

detection, 260, 261, 286, 287 

glacial, 154 

interferes with analysis, 260, 261 

ions, 155 

meta, 154 

ortho, 153, 154 

pyro, 154 

removal, 156, 262, 263 
Phosphorous acid, 153 
Phosphorus, 151, 152 

black, 151 

compounds, 152 

detection, 152-156, 308, 309 

hydroxids, 152 

in alloys, 240 

ions, 153 

oxids, 153 

pentavalent, 152 

red, 152 



trivslent, 152 
while, 151 
yelJow, 151, 152 
Physical propertlos, 4 

ut eleiiieuts, 3iJ6 
Flaater of Paria, 96 
PlftUnic-cWoritte, 235, 258, 258 
Platinum, ^34 

acid, 235 

black, 234 

blowpipe roactioo, 235 

detection, 258, 259 

divalent, 234 

group, 220 

JonB, 235 

properties of elemeat, 234 

reacttona at high temperature, 236 

8Blt!!, 234 
fjionge, 234 
tetravBlent, 234, 235 
ware, care of, 235 
wire, cleaning, 56 
Ftnmblc acid, 143 
Plum bites, 144 
Plumbous add, 144 
Plus ( + ) UKu, manning of, 11 
Polyaiiicie iieids, 133, 134 
-sulfids, 184 

ammonium, 77 
■tbionic acids, 189 
Potasli, 72 
caustic, 72 
lye, 72 
PotassioBcope, 57, 272, 273 

fluid, 319 
Potassium, 72 

detection, 272, 273 

in presence of sodium, 57, 272, 
273 
flame, 72, 272, 273 
hydroxid, 72 
ion, 72 

properties of metal, 72 
salts, 72-74 

table of, 74 
spectrum, /, 72, 272 
Potential ions, 28 

series, 327 
Praseodymium, 64 



i 
I 



Precipitate, character of, 33 
eolloidal, 37, 160, 253. £6» 

definitiun, 37 

wasliing of, 38 
PreUminaiy exaoiiuation, 33-^, t41-j 

testa for acids, 276 
PruBslan blue, 131, 226 
Pnustc acid, 125 
Pseudo-aoluUon. 3f, 159, SS4, SSlt 
Pure Hiibstances, 4 
Purple of Caasius, 89. 259 
Pyto-acids, 175 

Q 
Qualitative asalysls, 3 

dt^pcnda on comparaUm ■) 

ties, 34 
^oupiug ot elements ia, 
method of, 5, 34 
Quaits, 133 

Badlcles, dcfiiiition, 5 
Badlum, 90, 91 
Beacttona, aids to, 7, S 
between ions, 13 

blowpipe, 55, 56 

elosod-tubo, 53-55, 243, 244 
definition, 5 
"dry way," 5 
high-temperature, 54-66 
how affected by temperature, 7 
in borax-bead, 56, 247 
ionic, 50-52 

of qualitative analysis, 28 
on charcoal, 55, 246, 247, 27( 
predicted, 26 
reversible, 8, 23 
"wet way," 5 

with cobalt nitrate, 102, 115, S 
with cone, sulfuric acid, 55, 125 
126, 130, 131, 183, 196, 199 
206, 209, 212, 245. 260, 278 
280, 298, 299, 300, 302, 303 
305 
Reagents, definition, 5 

laboratory, 60, 313-320 
solid, list of, 321 
Bedndng agents, decomposition of, 
definition, 39 
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»i liat of, 46 

•i oi^gen absorbed by, 47 

reactions with ozidizing agents, 49- 
51 
M test for, 276, 277 

7 value of, 49 

I Badndng flame, 53 

Sodnctloil, decreases charge on kathions, 
i: 52 

definition, 39 
I of elements from compounds, 80 

reduces acid properties, 46 
Belnsch test for arsenic, 159 
Bepxesslon of ionlzaUon, 31 

of acetic acid, 31, 264, 268, 280, 281 
t of ammonium hydroxid, 31, 264, 265, 

268, 269 
I Besldne, definition, 37 
Beversible reactions, 23 
Staodlmn, 220 
Binnmazm's green, 102 
Bochelle salt, 73 
Babldium, 65, 66 
Bnthenlmn, 220 



Salt, common, 70, 198 

Epsom, 93 

Glauber's, 70 

microcosmic, 78 

Bochelle, 73 

Schlippe's, 169 

sea, 70, 198 

tin, 140 
Saltpeter, 72 

Chili, 70 
Salts, acid, 21 

balanced, 28 

basic, 21 

decomposition on heating, 54 

definition, 18, 21 

dissociation of, 20 

double, 14 

formed by strong bases with weak 
acids, 29 

formed by weak bases with strong 
acids, 30 

in oxidation, 42, 44 

insoluble, of weak acids, 35 



ionization of, 20 

methods of formation, 20 

more stable than acids, 42, 277 

most stable formed by most stable 
acids, 54 

most stable formed by strongest 
bases, 54 

normal, 22 

organic, 121 

reactions of hydrolyzed, 30 

solubility of, 22 

unbalanced, 28 
Samarium, 65 
Scandium, 111 
SchUppe's salt, 169 
Sea salt, 70, 198 

water in boilers, 93 
Selenium, 64, 172, 173 
Separation of solids from liquids, 36, 37 
Silica, 133 

jeUy, 135 
Silicates, 134-136 

action of heat, 55, 134 

decomposition, 135, 136, 242 

detection, 280, 281 

hydrolysis, 135, 289 

solubility, 134 

stability, 55 
Silicic acid. 133, 134 

anhydrid, 133, 134, 135 

detection, 260, 261, 280, 281 

interferes with analysis, 260 

ions, 134 

poly-, 134 

salts, 134 

separation, 262, 263 
SiUcids, 132 
Sllicoflnoric acid, 136 
SUiCOflnoiids, 136, 137 
Silicon, 132 

compounds, 132, 279 

diozid, 133 

fluorid, 132 
Silver, 84 

action of acids, 84 

blowpipe reactions, 84 

chlorid, 86 

solubiUty of, 35, 85-87, 190,276 

detection, 250, 251 



I 




•I 



PI 
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halids, 86-Sg, 241 

ilfcom position, 308 
lijdroxjil, 85 
ionj, 8S 

rtHictionB of, 13, 14, B5-S8 
mirror, SG, 125, 2M, 285 
nitreto aa reagent for acids, 376, 
277 
reagent for araenatw, 256, 257, 

258, 2S9, 288, 289 
reagent for chlorids, 299 
properties of metal, 84 
wlta, 8S-88 

solubility of, 35, 85-87, 190, 276 
table of, SS 
Slime, how avuidet}, il3 
Soda, 6» 

caustic, 68 
lye, ttS 
sal, 69 
washing, 69 
Sodium, 67 

action on water, 176, 177 
carbonate, 68, 69 

fusions with, 69, 243 
hydrolysis of, 29 
precipitation by, 69, 242 
transposition by, 68, 69, 242 
detection, 272, 273 
flame, 67, 272, 273 
hydroxid, 68 
ion, 67 

nitroferricyanid, 184, 308, 309 
nitronmssid, 184, 308, 309 
peroxid, 67, 178, 266, 267, 280, 298, 

299 
properties of metal, 67 
snlta, 67-71 

table of, 71 
spectrum, /, 67, 273 
Solid reagents, list of, 321 
Solids, how indicated, 3 
Solute, definition, 32 
Solubilities, comparative, 34 

fahle of, 330, 331 
Solubility, affected by temporature, 32 
definition, 32 
Id strong acids, 35 
in stronii^ bases, 36 



I 

piwM 

I 



Solution aids chemical reactiaii^ ( 

conduct ion of (?]eetri«ity is, I 

gram-molecular, SS 

nonnftl, 59 

of ignited oxide, 242 

of insoluble aabstances;, JLl 

of silicates, 242 

original, 240 

phenoniens to (iilute — li 
in concentrated — 1<^ 3* 

prepared, 242 

pseudo, 37 

saturated, 32 

saturated with pre^pil 
stance, 33 

specific gravity of — 322, 323 

BupersBt urate d, 32 

unsaturated, 32 
Solvent, aqua re^ia as, 240 

deflnitioQ, 32 

hydrochloric acid as, 239 

nitric acid as, 239 

water as, 239 
Solvents, causing dissociation, U 
Soot, 119 
Specific Kia-Vlty of eleiaenta, 326 

of solutions, 322, 323 
Spectra, table of, / 
Spectmm of a barium, /, 98 

c*esinm, f 

calcium, /, 94 

indium, / 

lithium, /, 06, 272 

potassium, /, 72, 272 

rubidium, / 

sodium, /, 67, 272 

strontium, /, 97 

thallium, /, 
Spelter. 101 
Stannates, 139, 140 
Stannic, acid, 137, 140, 141 

chlorid, preparation of reagez 

compounds, 138 
detection, 249 
refluction, 256, 257 

hydroKid, 140, 141 

ions, 140-142 

suits, 140-142 
Stannites, 139 
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^^ as regard for bismuth, 171, 254 

"'^tannons, acid, 139 

*■' chlorid as reagent for arsenic, 157 

as reagent for mercury, 110, 111 
"^ preparation of reagent, 319 

■• compounds, 138, 139, 140 
- as reducing agents, 47, 251, 259, 

283, 289, 292, 293 
a» detection, 249 

:» hydrozid, 139 
ions, 138 
Starch, reaction with iodin, 210, 296, 
297 
K Sttbln, 166 

Stlbnlte, 167 
2 Stiontliiiii, 97 

detection, 270, 271 
flame, 97, 270 
ion, 97 

properties of metal, 97 
I salts, 98 

spectrum, /, 97 
Babllmatioii, definition, 54 

reactions, 244 
Substances, dissociating, 13 
inorganic, 13 
insoluble, 34 

insoluble, how indicated, 3 
in solution, condition of, 9 
in solution, how indicated, 3 
not dissociating, 13 
organic, 13, 120-132 
pure, 4 
soluble, 34 
SnlfanlUc acid mixture, 149, 302 
preparation of reagent, 320 
Sulfates, 188 
acid, 188 

action of heat, 187, 188 
detection, 278, 279, 290 
Sulflds, 180-184 

action of heat, 183 
detection, 183, 290, 294, 295 
oxidation, 180, 183, 184, 255 
poly-, 184 

precipitation, 252, 253, 268, 269, 290 
properties, 252 
solubility, 180-183, 252 
Sulfites, 185, 186 



action of heat, 185, 186 
detection, 290, 291 
oxidation, 185, 283 
reduction, 186 
separation, 291 
solubility, 186 
Snlfo-. See Thio- 
Sulfur, 179 

acids, 180, 184, 186, 188, 189 

as oxidizing agent, 125, 126, 139, 

162, 167, 188 
detection, 179, 180, 308, 309 
dioxid, 179 
flame, 179 
flowers, 179 
group, 172, 173 
hydroxids, 45 
in alloys, 240 
ions, 180 
plastic, 179 
precipitation, 179, 184, 189, 225, 252, 

253, 255, 257, 259, 276, 277, 294, 

295 
properties of element, 179 
removal, 241 
• trioxid, 179 
water, 180 
Sulfuric add, 186 
anhydrid, 179 
as oxidizing agent, 79, 84, 106, 124, 

183, 187, 245 
detection, 278, 279, 290 
fuming, 186 
heating with concentrated, 55, 123, 

124, 126, 130, 131, 183, 196, 199, 

203, 206, 209, 212, 246, 260, 278, 

279, 280, 298, 299, 300, 302, 303, 

304, 305 
ions, 187 

preparation of dilute reagent, 320 
pyro, 186 

specibc gravity of solutions, 322 
SuIfuTous add, 184, 185 
anhydrid, 179, 185 
detection, 290, 291 
as oxidizing agent, 185 
as reducing agent, 48, 185, 283, 291, 

293, 304, 305, 306, 307 
removal, 283 



r 



salts, ins, 186 
Symbols, for elementa, 334 

mesininj; of, 5 
Syntbesia, 3 



Table of luiriu-m wtts, 101 

elemciita, 324, 32G 

ptituHsmtn salts, 74 

sndium sails, 71 

jwluliiJitipit, 330, 331 
vm of, 243 

Kjlvor salts, 88 

Bjipuific uniTities, 322, .12 S, !^26 . 

(([ipi'tru, / 
Tantalum, 172 
Tartar emetic, 167 
TMtarto acid, 124 

as rottueing agent, 47, 48, 134 

detection, 284, 285 

snltfl. 124, 125 
Tartrates, 124 

sctioa of beat, 1S4 

detection, 2S4, 285 

solubility, 124 
TeUurium, 64, 172, 173 
Temperature nffects reactions, T 

affects solubility, 32 
Tetrathlonlc add, 189 > 

Terbinin, 65 
Tests, borax-bead, 247 

drop, 246 

film, 246 

flame, 247 

match, 246 

on charcoal, 245, 246 

special, 249 
ThalUimi, 118 

spectrum, / 
Thenard's blue, 115 
Thloantlmonates, 169, 253 
Tbioantlmonites, 168, 253 
Thloarsenates, 164, 253, 259 
Thioarsenites, 162, 253 
Thiocyanates, 129 

as reagent for cobalt, 231 

as reagent for ferric iron, 129, 227, 
231 

detection, 292, 293 




oxjtlation, ISO, 291 

remoFal, 291 
ZMocyuiic add, 129 

as reducing agent, 48, J»t 
detection^ 292. 293 
TMostannates, 139, 141, 142, 2S3 
Thlostannites, 139, 253 
TMosulfatea. 189, 190 

action of beat, ISS 

deteftint), 290. 291 

03tiil»tif>n, 189, S90. 291 

separation, 391 

solubility, 189 
Thlosolfuric add, 188 

as reducing agent, 48, 2My| 
detection, 290, 291 
ions, 190 
salts, 189, ISO 
Thorinm, lia 
ThuHtua, 05 
Tin, 137 

blowpipe reactioD, 138 

detcctioD, 219, 256, 257 

group, 137 

ions, 133 

properties of metal, 137, 

suit, 140 

salts, 138-142 
Tltaaium, 119, 178, 306, 307 
Toning solutions, 90 
Topas, 133 
Transposition with sodium carbonate, 

69, 242, 260, 261 
Tnngsten, 64, 190 
Turmeric paper, 114, 282, 283 
Tnmbnll's blue, 131, 223 



V 



XJraninm, 64, 190 



Valence, 12 

high, produces strong acids, 46 
bow indicated, 12 
increased by oxidation, 45 
increase of — causes increase of a 

properties, 45 
low, produces strong bases, 46 
of elements, 326 
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of ions, 11 
''anadlum, 172 
rerdlgrls, 79 
'^iscosity, definition, 37 
ritriol, blue, 82 

gieen, 223 

white, 104 
ritriols, 188 
rolatUity, as determining factor, 26 



English, 328 

equivalent, 58, 59 

Metric, 328 

molecular, 57 
Weights and measures, 57-60, 328 
"Wet way" reactions, 5 
Wood alcohol. 114, 120, 282 



Xenon, 65 



7ater, 176 

ammonia, 147 

as acid, 29, 176, 177 

as base, 29, 177 

as solvent, 13, 34, 177, 239 

baryta, 99 

bromin, 208 

chlorin, 200 

dissociation, 29, 176 

glass, 135 

hard, 93, 95, 96 

hydrogen sulfid, 180 

iodin, 210 

preparation, 319 

lime, 95 

of crystallization, 33 
. sulfur, 180 
'Weathering" of rocks, 27 
I7eight, atomic, 57 

Apothecaries', 328 



TeUow ammonium sulfid (see ammotaium 

poly sulfid) 
Ytterblnm, 64 
Yttrium, 111 



Zinc, lOi 

action with alkalies, 102, 301 

blowpipe reaction, 102 

detection, 268, 269 

dust, 101 

flame, 101 

group, 100, 101 

balids, dissociation of, 21 

hydrozid, 103 

properties of metal, 101, 102 

salts, 102-104 
Zlncates, 102, 268, 269, 301 
Zirconium, 119 
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